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,, in, induced Nerve tteaeneratinn and Re pair 

5 pa rTcaPOUND 0 * ™* TNVEWTIOW 

neuronal cells at riSK oi oy *# _ eural origin 

differentiating transformed cells of neurax or y 



mammal • 



The ma^aUan nervous system comprises a 

.»«. tPKS> and a central nervous system (CDS, 

turltn^ano "notion. 
SET 9 u". — as scnwann ceUs in the PKS 
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a „ d oligodendrocytes ^^J^ZT^ 
prot ective ^Xin — ^ surro^ ^ ^ 
neuronal axons ^ which the 

trom the neuron cell ^ are traM ported. » 

eleotrio "^"tem , the long axons of 

the peripheral nervous syst ' form a „ er ve 

TOltl pl. ^^X^^ he coined into 
or „erve fiber. These, £orn 
fa ,cicle. .wherein ^"^intraneural vascular 
embedded, together with t boun ded by a 

supply, m a loose <f ^^"^ the central 

respectively. 

pering development, -^CTS - 
the central and Peri P heral^nervou= ^ 
axons that must grow and meKe conta ^ cover 

target cells. X. «-»^ £° 0 tne periphery, 
enormous distances; sob* * central nervous 

differentiated. 

RC =ordi«gly- the neural " 
, particularly atris* if neur ensure sub^ 

mechanical or chemical traum ^ detine 

aegeneration Thost of neuropathies, 

the pathway .t ri.K 0 ulatio „ or a system 

. r-STS r rarrpheral or central nervous systems 
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_ heen identified « ^ * ~ 

rs.^'Strsi metabolic 

glial cells, may resuxu agents, 

induce cell death Meetly- 1^ otter c ^ 
neuropathy may induce su »" ie £ system and the 

«" f r ^dyTtun - -e to the initial 

defined by these neurons. 
.. currently no satisfactory method exist, to repa* 
damage caused by these 8 £ erosis 
.ultiple sclerosis, disease, 
(ALS) -^J^^SS.). andmetabolically 
Parkinson's disease (par encephalopathy, 
derived disorders, such as be P atic encep P 
Current attempts to counteract the « brain 

„aumatic or ^f^^^Zy involved 
and/or spinal cord have to date prima y 
mentation of embryonic = ^ sate £or . iost 
replace functionally, or or however , human fetal 

or deficient neurons. Cnr. ^^X^^icted. 
cell transplantation researc s * c h as nerve 
Ministration of neuro graphic f acto ^ ^ 

, row th factor and insulin- iKe ^ ^ ^ 

5 modifying the molecule to enhance its transp 
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the harrier, as by epical cells 

also have *»en 9»«edj*> Qf 

attempt to striate ana mai » MCTro ioq Y 

neuronal processes (Parno et al. (1991) SJB 

114(2)1254-257). 

„„ «. «*> — ™ ~ 

^ *- n allow axons to mane it 
system and to allow »° CNS neur0 ns, neurons 

including the length of the cub ^ 
passed, and the ^\°^SXgra f ts 
CNS neuronal cell bodies, witn 
occurring near the cell body. 

often misdirected, making contact with PP 

can cause abnormal function, 
targets that can cau re growing axons may 

30 if a motor nerve is darned, r g paralys is. In 

contact the wrong muscles, * e£jult in a ga p 

Edition, where severed nerve processes re 
of longer than a few millimeters, e.g., greate 
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no t occur. ei«- ^ because P^ ^ 
^ necessary distance ^eral nerve 

axonal growth. Efforts results, 

5 damage by surreal a significant 

particularly where damage steps used to 
distance, in some cases, t ^ 
obtain proper align»ent of sever ^ ^ 

stimulates the formulation •«£ Eyen wher e scar 

l0 thought to ^ it »^^ 9 r Idu= e d « «- «" ° f 

tissue formation has been rea sthe ses, 
nerve guidance channels o : othe tub ^ 
successful "^"^^HiuiLters in distance, 
nerve damage of less^ of peri pheral 

15 in addition, the re ^ r f "'^.j a „ inju ry or 

"Ithy Xc^eleU bC-elf or results in 
rensC deration of a distal a.on. 

20 Mammalian neural ^{^^^To" 

^e caused by ^'f^ ° have been identified, 
both the neurons and «" gene rally lose their 

T ransformed cells of neural origi-g ^ ^ 
ability to behave as normal differ n . In 

can destroy neura, indoce lesl ons 
addition, the P^ £e ^ 9 tissae structure, inhibiting 
by distorting normal . nerv * inhibiting cerbrospinal 

pathways by compressing """V " stlmul ating the 
kid or blood supply "^^c^tumors, which are a 
body-s i^une "'^loolestic lesion, in the brain 
significant cause o n cystic ^ ^ ^ 

S^T-rti neuronal cell death. 



25 



30 



WO 94/03200 



PCT/US93/07231 



with neuronal cell growth, dl " e "" rC Ml"). ~>«t 

"development is ^*rlS 'U,. CHS 
notably the nerve cell adhesio an(J nediate 

5 belong to the — — « tiSSUe5 

cell-cell *« r « tl °°* "a i eT cL-CM. binding on 
*-f ^ " n^r'of Afferent cams current* 

l0 studied to date are -j^^ been identified 

lesion $ development, as well as 

on all cells at eariy y neural tissue 

in different adult tissues . » ™»™ to ^ 
development, "^"^^n, neuronal migration, 

u important in tissue «»~«* 3 ££ 1 lorna tion, 

nerve-muscle tissue ^^Uion. Reduced -CAM 
synaptogenesis, and neural oeg latea with nerve 

expression also is^ou* ^ of at leas t one 
dysfunction. For examp , goue 

2 „ form of «-«--» ^ .^8 Lia Bes, 4S2.373- 

dysmyelinatin, mutant (Bhat J» 8 > — ^ 
377). Reduced 1««1. of ^ H-CAM a lM (werd elin 

associated with normal pressure hyd P^ ^ type 
(198 9) »ct. Neurol. Scand. L.. ..» ch iatrv 

.=- — to n?i^ ssrs^'" 

nerves (Remsen (1990) £2E 

„tvi,, c t of this invention to provide 
30 It is an object of » at risK of 

me thods for enhancing survival of 

dying in a mammal, Another object » P ^ 
Methods for maintaining neural pathways ^ ^ 

° f inj ° ry ; " S'tS a neuropathy, or a 
35 mechanical or chemical trauma, 
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neoplastic lesion. ^^.-J'T. neural 
compositions and device, for w another 

_ *' ns forLd cells defining neural pathways , 

cell . yet »f ^^f^ t P issue by storing 
10 nonitonng the statu « fc ^ nerve 

fluctuations £°% re ^ rospinal fluid. These and 
tissue, serun ™ o£ P t he inve ntion will be 

rrent^ the — - — 

15 which follow. 
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n f the Invention. 



The present invention provides methods - d 

survival of neural cells. 

» one aspect, the *-"^«Sr^S^" 
l0 and -erepeutic t^t ^ f^ticaix, 
5te p of admin^ring protein 
effective amount of a morpn g ^ ^ B 

rmorpnogen"). as aeIlne *.^^ SUC h injury, for 
aeural pathway, or sufficient to maintain 

15 ' 1 "tnway Sing repairing damaged 
ZZToTZ^ ting additions da-age thereto. 
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xn mother aspect, ^^ T^l for 
compositions and th erapeut, c tre atmen^ ^ ^ 

min T^i£r^° *° — 1 ' ^ iniUry "a 6 
delude ad " iniS " rl " 9 (mticipat ion of such injury, a 
neural pathway or in «*i«P« ^peutically 
compound that Oogenous -orphogen 

effective concentrate of an end , Mlnt ain 

tfce neural addi tional damage thereto, 

pathways or *f ^"^ £erred to her ein as morphogen- 

Siscr s - j— — r — ■„ 
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£or , or capahle o, * 
secreting a .orphogen, » d f £ The agent »ay 

enhancing the survive tissue 
including protecting neuron, fromt 

destructive effects **>°™^ e \^. The invention 

^tein their ^"^/^foraed »Us or 
inducing the redifferentratro^ stic of 

neuronal origin to a eobodlment , the 

nntransfonned neurons. In ° n ting pro duction oi 

invention provides means for strm nerve 
ceil adhesion molecules in eel *< Ihe 
cell adhesion molecules ^C«H ition5 and 

2 „ invention * r °^ S g ^« repair of damaged 
devices for including regenerating 

neurons and " e « a \ pat ^ eral an d central nervous 
damaged «ons of the perxph eral a 

systems, in additlOT ' Status of nerve tissue, and 
25 jians for evaluating ^"^"^ies in a mammal 

30 a -neural pathway" describes a 
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transported, including groups of interconnecting 
TZZ. the nerve fibers forced by bundled neurone 

and the glial cells surrounding and associated 



axons 
with the neurons 



in one aspect of the invention, the morphogens 
ascribed h^ein are useful in repairing damaged neural 
pathways of the peripheral nervous system. In 
particular, the morphogens are useful for repairing 
10 damaged pa^ways, including transected or otherwise 

carnaged nerve fibers (nerves) reguiring r^™*"^ 01 
neuronal processes, particularly axons , over ^tended 
distances to bridge a gap in the nerve itself, or 
between the nerve and a post-synaptic cell. 
15 specifically, the morphogens described herein are 
capable of stimulating complete axonal nerve 
"generation, including vascularization and reformation 
of the oroteetive myelin sheath. The morphogen 
prefab* is provided to the site of 
20 L a biocompatible, bioresorbable carrier 

capable of maintaining the morphogen at the "teand, 
where necessary, means for directing »^ 
Ine proxia.nl to the distal ends of a severed neuronor 
ZrZ. For example, means for directing axonal growth 
« mav be reguired where nerve regeneration is to be 
" Educed over an extended distance, such as greater than 
10 mm. Many carriers capable of providing these 
functions are envisioned. For example, useful carriers 
include substantially insoluble materials or viscous 
30 solutions prepared as disclosed herein 

laminin, hyaluronic acid or collagen, or other suitable 
synthetic, biocompatible polymeric materials such as 
P^actic, polyglycolic or polybutyric acids and/or 
copolymers thereof. The currently preferred carrier 
35 ccmpr^es an extracellular matrix composition, such as 
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one described herein derived, for erample, from mouse 
sarcoma cells. Also envisioned as especially useful 
are brain tissue-derived extracellular matrices. 

in a particularly preferred embodiment, the 
m orpho,en is provided to the site as part of a device 
wherein the morphogen is disposed in a nerve guidance 
channel which spans the distance of the damaged 
pathway. The channel acts both as a protective 
covering end a physical means for guiding growth of a 
neuronal process such as an aron. Useful channels 
Uprise a biocompatible membrane or casing, which may 
oHubular in structure, having a dimension sufficient 
to span the gap or break in the nerve to be repaired, 
, Tnd htvin, openings adapted to receive severed nerve 
ends. The casing or membrane may be made of 
biocompatible, nonirritating material, such as silicone 
or a biocompatible polymer such as polyethylene or 
polyethylene vinyl acetate. The casing also may be 
> closed of biocompatible, bioresorbable polymers, 
including, for example, collagen, , 
polylactic, polybutyric and polyglycolic 
currently preferred embodiment, the outer surface of 
the channel is substantially impermeable. 

The morpnogen may be disposed in the channel in 
association with a biocompatible ^ e 
it may be adsorbed to or otherwise associated with the 
inner surface of the casing, such as is described in 

,0 Pat! No. 5,011,486, provided that the morphogen is 

accessible to the severed nerve ends. Additionally, 
although the nerve guidance channels described herein 
generally ere tubular in shape, it should be evident to 
those skilled in the art that various alternative 

35 shapes may be employed. The lumen of the guidance 
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— *» — ^."SLn— * — • ° f 

" t rr1io CXxe aohesives sue, as 
o^er^ans Known in the -edical art. 

Ih e -orphan, described f - - — " 

to be useful in autologous Se 
^plants to nypasa ■ d-*- / epair of 

central nervous system, such as ^ ^ 

« r:"* unprovided to the 
optic nerve. Here tne f Mon -i qrowth at the 
S L of at— ^^.S^lTat^ -nal 
graft site, partxcularl y wM ne uronal 
segment to be bypassed occurs far 



cell body 
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30 



T he morpbogens described here n a so a e useful^ 
e^cin, survival of .-"^/^rwisa inhibits 

«— » "'-^'^r'^Se neurons are at 
damage to naural pathways. or 0 ther 

risk of dying ° n f ea a ro r or glial call induct 

oellnlar dysfunction of a n « u * me chanical 
cell death, or ^^^^ tissue. Tha 
lesion to the cell or its surro ^ ^ 

1 TTJS-^ ^ X^aldehyd. and .any 
including lead, ethanol, ins in 

other organic solvents a - " « ^ ^ acids , 
cigarette smoke and opiates. s 

such as glutei also ^ ^ e t al. 
pathogenesis of neurons ^uronal cell death 

irsris 5 ^houghfto S ht "significant contributing factor 
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ln , number of neurodegenerative aisea.es . deluding 

rerkinson's disease, amy P ^ neuropathies 

«ati#U -^° S1S ; s ^s JLpatic encephalopathy, 
5 M y be ^abolic. as res nutritional or ischemic, 

infectious, toxic, auuoi» trains also 

- action ^anol 

„ described herein may be^ov d ed to cells^ ^ 
dying to enhance their surviv s My be 

integrity of the neural P»**»* ' * be i<Jed 

-tSLSr Mt^n it:— — - 

r -thr^r of -rest, « be 

administered to the mammal. 

fher asoect of the invention, the method 
In another *^ ct ° f redif ferentia ting transformed 
disclosed xs useful for re ° neuronal or 

^ZT^ZZC£Z~~*> »;>• - 

preferably ^"^f^^^, neurlt e outgrowth 
^rinfeiorgation, end Paction. The 

£thods describee herein are »*icipated « 
substantially inhibit or 'f«"^ e !M . It is 
formation and/or ^^""f^/^Tnvention will be 
^Tr^T^X effects of various 
, "rcinomas of nerve tissue origin such as 
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gl ioblastomas. In -f^l^ neoplastic lesions 
anticipated to axd » Static tumors are one 

caused by metastatic "ssoe as ^ w 

ot the most common neoplasms °*J* e tne 
reach the Intracranial "^^J^e neural 
bl oodstream. Metastatic tumors -y ^ ^ tlssue 

pathways for example. * ^^ king flo « of 

structure, cc-pr...^ nerve. 

D :r» * — 9 * body,s 

response. 

In another aspect of the invention the morpheas 
described herein are useful 

neuroprotective effects to allev nflaOTMtory 
damage associated vith the tissue. Such a 

.espouse to - ^^TS nerve tissue, caused, for 
response may dysfunction , neoplasty 
example, by an auco "" mechanical trauma, 

iesion. infection, chemical or the ne »rons 

disease, by interruption of b » or 
or ,lial «"- o f «;^: nerve or surroundin 9 

hypoxia, or by other traum resulting 
material. For example , the pr ry 
from hypoxia or xschem „ in an embolic 
occlusion r™/o;i=ally associated. 

T^^^ ^T^. or 
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the immunologically related response to a neural 
injury. Alternatively, administration of an agent 
capable of stimulating morphogen expression and/or 
secretion in vivo, preferably at the site of injury 
also may b7used. Where the injury is to be induced, 
as during surgery or other aggressive clinical 
Zeni th! morphogen or agent may be provided prior 
to induction of the injury to provide a neuroprotective 
effect to the nerve tissue at risk. 

in still another aspect, the invention described 
herein provides methods for supporting the growth and 
maintenance of differentiated neurons, including 
inducing neurons to continue expressing their 
phenotype. It is anticipated that this activity will 
be parScularly useful in the treatment of nerve tissue 
disorders where loss of function is caused by reduced 
or lost cellular metabolic function and cells become 
senesent or quiescent, such as is thought to occur m 
) aging cells and to be manifested in Alzheimer s 
disease. Application of the morphogen directly to 
cells to be treated, or providing it systemically by 
parenteral or oral administration stimulates these 
cells to continue expressing their phenotype, 
5 significantly inhibiting and/or reversing the effects 
of the cellular metabolic dysfunction, thereby 
maintaining the neural pathway at risk. Alternatively, 
administration of an agent capable of stimulating 
endogenous morphogen expression and/or secretion in 
10 vivo may be used. 
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in still another aspect, the invention provides 
methods for stimulating CAM expression levels in a 
cell, particularly N-CAM expression in neurons. CAMS 
are molecules defined as carrying out cell-cell 
interactions necessary for tissue formation. CAMS are 
believed to play a fundamental regulatory role in 
tissue development, including tissue boundary 
formation, embryonic induction and migration, and 
tissue stabilization and regeneration. Altered CAM 
levels have been implicated in a number of tissue 
disorders, including congenital defects, neoplasias, 
and degenerative diseases. 

in particular, N-CAM expression is associated with 
normal neuronal cell development and differentiation, 
including retinal formation, synaptogenesis, and nerve- 
muscle tissue adhesion. Inhibition of one or more of 
the N-CAM isoforms is known to prevent proper txssue 
development. Altered N-CAM expression levels also are 
, associated with neoplasias, including neuroblastomas 
(see infra), as well as with a number of neuropathies, 
including normal pressure hydrocephalus and type II 
•schizophrenia. Application of the morphogen directly 
to the cells to be treated, or providing the morphogen 
5 to the mammal systemically, for example, parenteral^ , 
or indirectly by oral administration, may be used to 
induce cellular expression of one or more CAMS, 
particularly N-CAMs. Alternatively, administration of 
an agent capable of stimulating morphogen expression 
,0 and/or secretion in vivo, preferably at the site of 
injury, also may be used to induce CAM production. 

CAMS also have been postulated as part of a 
morphoregulatory pathway whose activity is induced by a 
to date unidentified molecule (See, for example, 
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E del»an, G.M. (»..» ^^^, 2 ;:e" U6, ' 
Without being TctCtoe inducer of 

morphogens described herein may 

this pathway. 

My be monitored as part o « -^^^ in 
tissue dysfunction. SP e " £1 " * ntioipa ted to reflect 
endogenous morphogen level are expressi0 „ 
X0 changes in nerve tissue status rp ^ ^ 

be -T*f-^ ly serum . alternatively, 
cerebrospinal fluid, or » detecting changes 

morphogen levels may be assesseo y 
in L levels of ^^Cr^inleru. samples 
15 morphogen. ror ^"'detect toe concentration of 

tro m e mammal, and then detect tn standard 
morphogen or antibod, . present in toe fl^^ ^ ^ 

pro tein ^^nindinTprotein capable of 
art- « an example, bindi ^ P ^ q£ intcrest 

20 interacting specifically wl \ be used to 

.uchasan»ti-»orp^,en^^ ssay> ^ 

detect a morphogen in a »*^ r COT£jare d to a 

morphogen levels <*to°«dj*» ^ re£erence ievel, with 

25 r retofted^s - - 

status of the tissue. 

In one preferred embodiment of the invention, toe 
morphogen or ^^f^X e.g., 
30 administered W-^*"* "another embodiment of toe 
orally or parenterals- i a directly to 

invention, the ^ to toe cerebral 

the nerve tissue, e.g., by in]e 
^inal fluid or to a nerve tissue locus. 
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in any treatment method of the invention, 
.•administration of morphogen" refers to the 

Ihieh may be associated with the morphogen or 
^ho^en-stimulatin, ,,e»t include tissue target 
Scales capable of directing the morphogen or 
norphogen-stimulating agent to nerve tissue. Tissu 
targeting molecules envisioned to be the 
treatment protocols of this invention 
^ttbodies, antibody fragments or other binding 
p^tns which interact specifically with surface 
molecules on nerve tissue cells. 

still another useful tissue targeting molecule is 
„„rt or all of the morphogen precursor "pro" domain, 
^rcicularly that of OP-! or OUT-1. These proteins are 
^naturally associated with nerve tissue but also 
™TL synthesized in other tissues and targeted to 
Trve tissue after secretion from the synthesizing 

fynLsis appears - 

30 S^s o; 9 ;-^ ocLrring in the brain, heart and 
uZV( see below.) Moreover, the protein has been 
denti ied in serum, saliva and various milk forms In 
addition! the secreted form of the protein comprises 

35 Z mature dimer in association with the pro domain of 
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20 



the intact morphogen sequence. ™°* d ™?J' t ** 
associated morphogen pro domains may act to target 
specific morphogens to different tissues ±n vivo. 

Associated tissue targeting or solubility-enhancing 

bone remodeling sites. 

Finally, the morphogens or morphogen- stimulating 

i »«= iudin9 ' f : r en ;r p 

TeZ growth factors and anti-inflammatory agents. 

Were the morphogen is intended for use a. a 
therapeutic for disorders of the CMS, an additional 
"eX must he addressed: overcoming the so-ceiled 
» b lood-hrain harrier", the brain =eprllary wall 

morphogen or morphogen- stimulating agent may 
— to enhance - ™ ^."runca^ forms of 

„ost successful. Alternatively, the morphogen 
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10 



15 



it more lipophxlxc, « £ » * ransported ao ross the 
M.lecule which xs ^ M y^se skilled xn 

No. 4,801,575. 

of a »orph09» ^» assessing additional 

biologxcal «^ e P d t0 . .sorpbogen as 
structural dxfferen addition al chemxcal 

defined herexn, e.g. . havxn, soch 

moieties not normally a part oi *~ 

Pieties (introduced ^ « r P - 7 

=:-r l --.--- ••••• 

„ across the blood-brain barrier. 

M0 ng the morphogens useful in this invention 
are proteins original ^^[fJ^Z^. « 
proteins, such as the OP-1. prot eins such as 

DPP (from Drosophxle), Vgl^ Bt al .,, 

mouse, see U.S. 5,011,69 »BP 0 . 4254) , aU of 

(fro m mouse, see «e (»m ^_ _ ^ „ Hos . 5 -H), 
„bi=h are P"" nt ^" 60A pro tein (from 

30 and the recently sfie e t al. (1991) 

Drosophila, seq. ID No. 24, s whlcb 

include members of the » » P homology in their 
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having an N-terminal signal peptide 
precursor, having an ^ residues , 

sequence, typically less tann ^ fche 

flowed by a j^™^^ iS 
^ture sequence. The sig P ^ ^ be 

upon translation, at a cle ^ g metho0 of von 

predicted in a given sequence using £ 

Table I, below, descriDes nome nclature as 

<" ~ » "f^ces, and publication 



by reference 



TABLE I 

'OP-1 



25 



30 



35 



Refers generically to the group of 

- TS^rr » ^ 

protein amino acid sequence, , or mouse 

("mOP-l", seq. ID No. 6, nature 
protein amino acid sequence. ) tte 
Conserved seven cysteine skeleton is 
defined by residues 38 to 139 of Seq. IB 
« S and 6. The cDNA sequences and the 
Lino acids encoding the full length 
proteins are provided in Seq. Id *os 
Li 17 (hOPl) and Seq. ID »os. 18 and 19 
^OPl > The mature proteins are defined 
^residues 293-431 (hOPl, and 292-430 
imOPU The "pro" regions of the 
pTteL. cleaved to yield the mature, 
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morphogenically active proteins are 
defined essentially by residues 30-292 
(h0 Pl) and residues 30-291 (mOPl). 

refers generically to the group of active 
proteins expressed from part or all of 
dna sequence encoding OP-2 protein, 
including allelic and species variants 
thereof, e.g., human OP-2 ("hOP-2 , Seq. 
ID No. 7, mature protein amino acid 
sequence) or mouse OP-2 ("mOP-2", Seq. ID 
No . 8, mature protein amino acid 
sequence). The conserved seven cysteine 
sReleton is defined by residues 38 to 139 
of seq. IDNos. 7 and 8. The cDNA 
sequences and the amino acids encoding the 
full length proteins are provided in Seq. 
ID NoS . 20 and 21 (hOP2) and Seq. ID Nos. 
22 and 23 (mOP2.) The mature protein, . are 
defined essentially by residues 264-402 
(h0 P2) and 261-399 (mOP2). The 'pro 
regions of the proteins, cleaved to yield 
the mature, morphogenically active 
proteins liKely are defined essentially by 
residues 18-263 (hOP2) and residues 18-260 
{m0 P2). (Another cleavage site also 
occurs 21 residues upstream for both OP-2 
proteins . ) 

refers generically to the morphogenically 
active proteins expressed from a DNA 
sequence encoding the CBMP2 proteins, 
including allelic and species variants 
thereof, e.g., human CBMP2A ( "CBMP2A( f x 
Seq ID NO. 9) or human CBMP2B DNA 
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25 «vgl(fx)" 
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m\ The amino 

,«»««■. » - ^ 

acid sequence for the iu iterature as 

and BKP2B or BKP «2 sl 528- 
in Wozney, et ai. I ' ~ , 7^2^) 
U«. The pro domarn for « l» 
likely includes »«*^ s or 
the mature protein, res p4 (BM p2B) 

M3-396. The pro domain ^ ^J\ 5 J 2 , 

UKely ineiudes re sidoes « *• „ 

the mature protein, resiou 

293-408. 

re£ ers to P-e. — * * 

prosophil. DPP 9»« ^^ „ 

conserved seven cysteme sHeleto y 

„o. 11,. The a*ino '"^Hldoett, et 

residues 457-588. 

hereto protein sequences encoded by the 
Xenopus Vgl gene and defin^ , the ^ 
conserved ^fnce ror the 

NO. 121- The amln ° 4 „ 
(ull length protein appears in 

^ru^r-I-the signal 
prodomain li*eiy res idue 246? the 

peptide cleave* * site to ^ by 
mature protein HKeiy is 
residues 247-360. 
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"Vgr-l(fx) 



10 



refers to protein sequences encoded by the 
™ri»e Vgr-i gene end defining the 
conserved seven cysteine sKeleton 5eq. 
„. 13) . The amino acid sequence tor 
^"U protein appears in Lyons, et 
f PSAS 86= 4554-4558. The 

a -in lSeIy"ertends from the signal 
^" eC site to residue the 

likelv is defxned by 
mature protein liKexy 

residues 300-438. 
. v. wafers to protein sequences encoded by the 

residues 215-372. 

refers generally to the 
ective proteins ^«ssed^rom p.* £ ^ 
of a PDA sequence (from the Dros e 
°ene, encoding the 60* protexns (see Seg. 
ID Z. 24 wherein the cDNA and en coded 
Lino acid sequence for * j*U ength ^ 

ST^T^ ae^ng'the 
conserved seven cysteine sKeleton 
(residues 354 to 455 of Seq. ID No. 24.) 



25 
30 
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The prodomain likely ertends from the 
signal peptide cleavage site to residue 
32!, the mature protein likely is defied 
by residues 325-455. 

5 * ... refers to protein sequences encoded by the 

" BHM(fJ ° human B^3 gene and defining the conserved 
seven cysteine skeleton 
The amino acid sequence for the full 
length protein appears in Wozney et al. 

i, LiS^^ 1 1528-1534. ^ pro 
Lain likely extends fro- the sxgnal 
peptide cleavage site to resrdue 290, the 
Lture protein likely 1. defined by 
residues 291-472. 

refers to protein sequences encoded by the 
BMPS P 9 ene and defining the conserved 
seven cysteine skeleton (Seq. ID No. 27). 
The amino acid sequence for the full 
length protein appears in Celeste, et al. 
(1991) P NA S 87: 9843-9847. The pro domain 
likely elands from the signal peptide 
cleavage site to residue 316; the mature 
protein likely is defined by residues 



15 

"BMP5(fx) 

20 



25 

«BMP6(fx)" 

30 



317-454 



refers to protein sequences encoded by the 
reiers ^ofinina the conserved 

human BMP 6 gene and defining » 
seven cysteine skeleton (Seq. ID Ho. 28). 
The amino acid sequence for the full 
length protein appear sin Celeste, et al. 
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« 0 a-j cba7 The pro domain 
■ (1M „ 87: «£* « ^Vsi^ 

likely includeS B eX "7to residue 374, the 
peptide cleavage ^ y to 
mature sequence liKeiy 
residues 375-513. 

The OP-2 steins heve en ^^STm* - 
residue in this region cysteine 

l0 Hos. 7 end 8) , i» '"£%J° oamt proteins in this 

skeleton in cos»on with^ th.J* ^ acid insert 

£ «aiiy. The GOF-1 ' 44 .„ of seg. 

within the conserved skeleton ^ ^ inter£ere 

ID „o. 14) but this ^^^eines in the folded 
15 with the relationship of the cy ^ ^ misaing 

Within the cysteine skeleton. 

•„»,-tive when reduced, but are 
The aorphogens ere uutta M. m 
active es oxidised hoBodxmers end wh invention . 
c^inetion with o^ -orphog^ - - ^ ^ 
Thus, ss defined nerern, tide ch ains, 

protein co»pris ng et leest the 

wherein eech polypeptide c*a» P residues 
C-terminel si, cysteine skeleton 

4 3- 13 9 of seg. ID »o. «. "Clud 9 nes e»mo 
equivalent arrangement of these cy ^ ^ 

.cio insertions or deletions whic e ^ oot 

arrangement of the strttC ture, , such thet, 

their relationship m J**** foWed( the dimeric 
when the polypeptide chexns ere f ptide 
protein species comprising * e P » sional structure, 
chains hes the appropriate three d ^ 
including the aPPropr^te „ eapaW e of 

5 disulfide bonds such thet the p 
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tte morphogens 9eneral^ «c P icall , 
(allowing biological *»"**"^ proliferation of 
permissive environment, stxm "^e differentiation of 
5 progenitor cells; * Proliferation of 

progenitor cells! stimulet »9 « P 
Lferentieted cells, and supp ortxng w 
Min tenanoe of ^"ere^ated ^ ^ copable 

ls also »^f er f n f u Srof chitted oells nnder 
l ° conditions. 

this invention comprxse one of ^ x . ID 
15 amino acid sequences. „ Ko . 2) , where 

ho . 1, or Generic Sequence^ (Seg y . oocurri „ 9 
each Xea indicates one of^ the *° thereof . 

isomer, a-amino adds or a ^ six cysteine 

6 eneric Sequence 1 comprise, the conserved 

sKeleton and --"'^ additiona l oysteine 
sis cysteine skeleton plus tu Jn 
identified in op-2 <s« . residue ^ ^ 
another preferred "^'^t se^enoe at their K 
comprise the following additronai g» 



20 



25 terminus! 

cy5 xea Xaa Xaa xaa (Sea. IB ». ») 



1 5 



.referred ^^S^JT Stance 
foregoing generic = ° ^ t (Se g. xo *o. ... 
3 ,seg. ID Bo. 3). 0 m and Generic 

Generic Sequence (Seq ^ below . Ihes e 

Sequence 6 (=»«q. 
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Ceneric Sequences acco- date*e >^^ en 
^ various preferred membe »of t ^ 

iam ily identified ^"L * teem Specifically, 
.cid sequence variation anon, them. pe ^ 
5 Generic S*e«« 3 ^ erec.^ in 
sequences of the following y human 
Ia Le II and identified m seq. ID « Qp . 1 
OP-! (hOP-!, Seq. ID Hos 5 and I ^ Qp . 2 

( »OP-l. seq. ID Koe. «^ I0 Bo . 9,. 

10 (Seq. ID »os. 7 8, and 20-22 , C Seq . ID 

CBMP2B (Seq. ID Ho. 10), DPP (fro 

„o. ID. V 9 I, <^"; OP r 3 ;, S :^GD r - 1 (fro- mouse, 

(tron mouse, se,. » H ^, . ^ 

^;r:£ : rradd^r 

these generic sequences allow to seguence s 3 or 

evsteine at position 41 or 46 cy8teine 
J0 4, respectively, P^^^ecular disulfide bonds 
skeleton where xnter- «^"^ ritlcal ^ ecids 
„„ form, and oontaxn certax • » of the prote ins. 

which influence the tertiary 

rrn— Sequence 3 
25 L eu Tyr Val Xaa Phe 

1 5 
Xaa xaa Xaa Gly Trp Xaa Xaa Trp Xaa 
10 

30 Xaa Ala Pro Xaa Gly Xaa Xaa Ala 

20 

15 
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Xaa Pro 

35 



Cys xaa Gly Xaa Cys Xaa 
30 

25 

Xaa Xaa Xaa Xaa Xaa 
35 

Xaa Xe. xaa Asn His Ala Xaa Xaa 
45 

40 

Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa 
50 

xaa Xaa Xaa xaa xaa Xaa Xaa Cys 
60 

55 



Cys Xaa Pro Xaa Xaa Xaa Xaa Xaa 
65 

Xaa Xaa Xaa Leu Xaa Xaa Xaa 
70 

5 Xaa Xaa Xaa Xaa Val Xaa Leu Xaa 

80 

xaa cys Gly Cys Xaa 

* Ha is independently selected fro. a group 
wherein each Xaa is "*J ids defi ned as 

of one or more W"^*^-.. and Xaa at res.4 - 
follows. "Res." means residue ^ or 

( Ser. Asp or Glu), Xaa at res res . 8 . (Leu 

25 U xaa at res.7 - ASP or Glu ^ ^ ^ 

or val,; xaa at n • U (« ^ ^ ^ res . 14 ,,u 
Xaa at res. 12 - (Asp 9 XM , t re5 . W 

or val); xaa at res.lS - (He 
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or P*e,; Xaa at res - £. ~. ^ ^ , t 

or Gin); Xaa at res.31 I ' M jaa 

r es.33 - (Leu or Val Xaa a res. ^ ^ ^ 

or *hr>; xaa at res. 3.^ Ser. £ ^ ^ ^ ^ 

10 res. 37 ■= (Met, rne, i XM at 

or ser), Xaa at res. 39 - 1^ s « * _ or 

r es.40 - ««r. - or er), xaa at res. ^ ^ _ 
Val,; xaa at res.4 » ^ Wa or Ser)J xaa at 
(Gin or Ar 9 ); xaa at res.4 7 I _ ^ ^ 

" r- 4 : "resTl -"ser. Ma or Val,; Xaa 

X a. at res.51 P ^ ^ ^ x „ at res . 5 3 

at res. 52 - (He, net _ Qr ser) . 

= ,Asn, Iff.. Ala or Gin), Xaa at res.54 ( re3 . 56 

- ce; m fGlu, ASP/ Asn f or laiy;/ «•» 

"\r ~ £. «■ " 

or Ser); xaa at res./u 

*"\ , Xa. at - (» P or Asn); xaa at res.77 - 

30 or lea); xaa at res.<o i * _ ^ Mn 

(Asp , G lu Asn or e , X a at res ^ ^ ^ ^ 

res^o'l ^aToIVw - a J^;.- 

~» liro^ililTa/atTel'.sr! ^ or His,; 

35 (Lys, Asn, Gin or hisj, 
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Xaa at res.SI , « * ^ « ^» 

< M n, Glu or Asp), Xaa «t res.9 01u)! X aa at 

5 Arg)? 



10 



15 



20 



25 



30 



Cys xaa Xaa Xaa Xaa Leu Tyr Val xaa P*e 

Xaa xaa Xaa Gly TrP Xaa Xaa Trp Xaa 
15 

Xaa Ala Pro xaa Gly xaa xaa Ala 
25 

20 

xaa Tyr cys xaa Gly xaa cys xaa 
30 

xaa Pro Xaa Xaa Xaa Xaa Xaa 
40 

xaa xaa xaa Asn Bis Ala Xaa Xea 
xaa xaa Leu xaa xaa Xaa Xaa xaa 

60 65 
cys X«. Pro Xaa Xaa xaa xaa xaa 
10 

xaa xaa xaa Leo Xaa Xaa Xaa 

75 80 
xla xaa Xaa Xaa Val Xaa leu Xaa 

xaa xaa Xaa Xaa Met Xaa val Xaa 
90 95 
Xaa cys Gly Cys xaa 
100 
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» xaa is independently selected fro. . group 
wherein each » u ' acld s as defined by the 

of one or more s P ecl£ied „!"* „ ^ xaa at res. 2 - 
4ol lowin 9 : "Res." »»n » xaa at re s.4 

, Ly s or Ar 9 ); xaa at res. 3 I y ^ Bl>> Gly , Arg 
. (His or Ar 9 >; Xaa at res. 5 ^ Xtta at 

or Pro,; Xaa at res.9 " < Ser -P ^ ^ . (Mp 

r.s.11 = (Ar 9 , <Un S l3 "Leu « ValU xaa at res.16 - 
or Glu); xaa at res. 13 I* _ p> Mg , 

(«-• ~' "'l £ f. M - ".I,, xaa at res.20 - 
, or Asn), xaa at < _ lu Gln , «„, Lys, Pro 

„U or Val„ xaa at res.23 ( xaa at re s.26 - 

or Ar 9) ; xaa at res.« (Tyr ^ at res .28 . 

(Ala, ser, MP. Hls ' * ' . G1 Bis , Tyr, Asp 

^ Asn or Phe,; Xaa »^es.31 (G ^ ^ ^ at 
5 or Gin,; Xaa at r.s.33 - Glu, Lys^ P _ ^ 
re s.3S - <^- t Se ; es 0r 38 r r Uo or vol,, xaa at res.39 
or tyr>; xaa at res.40 = (Ser, Asp, G 

(Asn, Asp, Ala or Thr>, « ^ or 

Leu or Ala,; Xaa at res^l " £^ ^ Ma) , xaa at 
20 lie,; xaa at res- 42 - (Met £ . * „ (Ihr> Leu 
r es.44 - (Ala. Se. : or Gly , X aa ^ ^ ^ , 

or ser,; Xaa at res.49 I ^ ^ ^ , t 

(Val or Leu); Xaa at res.si i _ or 

re s.S2 - (Thr, Ala or Se , ^ ot res . 56 - 

25 Met,, xaa at res.55 Hie «A N ^ 5 , . (Ue> 

,Phe, Leu, Asn, ser, Ala or val^ = Rla 
Met, Asn, Ala or Val,; Xaa at res.se (^ ^ ^ _ 
or Glu,; Xaa at res.59 (Pro ^ 
(G1o , asp, or Gly,; Xaa at res.61 ( _ Ma 
30 Lys, Asp, Tyr, Ser or Ala W *» » Xaa at res . 6 4 = 

or ne) , xaa at res.6 - Pro or P, ^ ^ 

, tys or Leu,; x " a ^ reS x ; 6 a 5 at ^. 70 = (Thr or Ala,; 
res . 6B = (Ala or val „ X a at ^ ^ ^ ^ _ 

35 r^r^W Xaa It res.23 - (Asn, Ser or Asp,; 



Glu, 



94/03200 



PCT/US93/07231 



33 - 

(Wa . Pro or Ser), ^ at 



Xaa at res.74 - .(to. » - — er „ Ala)! xaa 
Hie, Thr or VaDi Xaa at res.'o i 

. ( v.i or «-« » -; xaa - <« 

xaa at res.80 ■ (Phe. Tyr or Leu) , ^ n ^ ^ xaa . 
or Asn), xaa at re=.82 - (Asp, ^ ^ ^ . (Ser , 

re s.8S - (ser. Gin, W « ^ or Lys)i 



res .» - (ser, ~~ " 85 . , Mn , Thr or Lys>, 

Asn, Asp or Glu), : X^t « « • ^ ^ . (tys D r 
xaa at res.87 - (He or^ Val )^ ^ ^ xaa at 

M9 „ xaa at res.90 ; _ (Rrg , Gin or 

„ res.91 - (Tyr or Hxs), » xaa at re s.95 

Gin)! xaa at res.93 (Asn, _ Lys _ val> 

Lscr- - - or Glu,! and Ma 

at res.102 - (His or Arg). 
15 ~ «; /Sea. ID No. 30) and 

Generic Sequence 6 < se 3- ^^gen protem 

fcomologies snared among al ' specifically 
tam ily »e»bers iaentifxed in «^ ^ a cid 
» B eneric_Se rrJ and ^ „ d 16 - 



stances of human OP-1 ^-1, seq M _ M)> 

i7|. mouse OP-1 <mOP-l, ^ "L, 7, and 20-22), 
hu ian and mouse OP-2 i**^ * °- 10) , DPP 

CBMP2A (Seq. IP *»• f^Yl), V, <»- XeMPU6 ' 

25 (4 rom orosophila Seq o Jo.^,, , 9^ ^ 

Seq. ID No. 12), vgr I M iuman ^3 

and CW-1 (from roo » se ' n S ^; 5 (Seq . » Ho. 27), human 
(Seq. ID »o. 26), human BMP (Seq hUa , S eq. 

30 ID Nos. 24-25). * 4-hese sequences xn the 

amino acid "-^^ Z and seven 

:rtrt='«rf ic ~— • 
35 s:^:-^ " ic 
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, «„rt 4 Generic sequences 5 and 6 alio* for 
Se9 ^ S ionarcy S ;eine at position 41 .Generic Sequence 
H :f Xion^rtGeneric Sequence .,. prcv-inq an 

certain critical amino acids which influence the 
tertiary structure of the proteins. 

Generic sequence 5 



Leu xaa Xaa Xaa Phe 
1 5 
xaa xaa Xaa Gly Trp xaa Xaa Trp Xaa 
10 

Xaa Xaa Pro xaa Xaa Xaa Xaa Ala 

15 20 
xaa Tyr Cys Xaa Gly xaa Cys Xaa 

25 30 
Xaa Pro Xaa Xaa Xaa Xaa Xaa 
35 

Xaa Xaa Xaa Asn His Ala Xaa Xaa 

40 45 
Xaa xaa xaa Xaa xaa Xaa Xaa Xaa 
50 

Xaa xaa Xaa xaa xaa Xaa Xaa Cys 

55 60 
Cys xaa Pro Xaa xaa xaa xaa xaa 
65 
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Xaa Xaa Xaa Leu Xaa xaa Xaa 

70 . 75 
Xaa xaa Xaa Xaa Val Xaa Leu Xaa 
80 

xaa xaa Xaa Xaa Met xaa val Xaa 

85 90 
Xaa Cys Xaa Cys Xaa 

wherein each Ha is independently selected fro. a group 
:*\ne or -ore specif »ino acids «»-« _ 

lol lo«. »*es.« *ean, > "«sxdue and » »^ ^ ^ 

(Iy r or Lys); xaa at ros.3 - Val or ) 

" 'S;- 1 :. - »■ ° r xaa at re8 ' 8 

".feu v!i or Ue )( xaa at res.U - (Gin, Leu, Asp, 
His Lot «, xaa at res.12 - ««. « ; - - 

i 1 Gl" L Leu, Lys, Pro or W. ™ " 

■ i 2 r^i.Ter% P r»: t : 

U, UP. 01« cr Ala.! xaa at res 3 - «Ala ^ 

res.j^ \ -M ■ ,e _ rser. Asp, Glu, Leu, 

Ala Thr or Pro); Xaa at res. 35 - (ser, a p, 

res.44 = (He, Val or Thr); xaa at res.45 - (Val, 
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v . »t res.46 - (Gin or Arg); Xaa at res. 47 
or He); Xaa at res.46 . or Ile) . xaa at 

,Thr, Ala or Ser); Xaa at res.4B ( ^ 
re s.49 - (Val or Met,, xaa at r s 0 ^ ^ ^ ^ 
xaa at res 1 - £ , L ,^ ^ ^ ^ 
5 Xaa at res. 52 - (He, Me, ^ Bfc 

at „s.53 - l» W. ^'JT res.55 - (Gin,' Asp, 

r es.S4 - (Pro, ser or Val) , £££ m ^ val, 

Asn, Gly, val or tys» Xaa* res 5 ^ ^ ^ _ 
ly s. ASP, ^ r ' S f' x ^ S ; t P "s 58 = Pro or Asp,; Xaa at 
l ° ' Va V- a «; y s 1 I - • - at rea.60 - (Pro or 

(Ihr , Rla or G->; xaa at as 66^ ««. ^ ^ 
Gltt), xaa at res. 67 (w , _ a ^ pro or 

15 - (Asn, Ser Asp or «*U™£ * ^ ^ xaa at 
ser), Xaa at res.70 (lie * » _ Met 

res.7! - (Ser, Ala or Pro ; Xaa at « ^ ^ _ 

or lie); xe. at res.7 ■ « '. (Rsp , A9I> or 
(Phe , *yr, ~«™>' ( ™ * "I or Ser,; xaa at 
20 Leu): xaa at res.77 - (Asp, ' xaa at res .79 - 

r es.70 - (Ser, Gin, Asn, Tyr « *»>^ . (Rsn , Ihr 
,ser, Asn, Asp, Gin or Lys ; Xaa at res ^ ^ 
or Lys); Xaa at res.82 - (He, Val o , ^ 
r es.S4 - (Lys or Arg, , Xaa at re ,85 ( , ^ ^ 
25 Bis or val), xaa at res-86 W ^ , ^ 

res.87 - (Arg, Gin, Gin or Pro,, ^ ne) . 

«!. or ; a !% or Gin,; xea at 

s.s r^ir-or «, - 

30 orAla, anaXaaatres.97-( B1 sorArg). 
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15 



20 



25 



rrn— Seguence 6 
cys Xaa xaa xaa xaa Leu xaa xaa xaa nm 



5 



xaa xaa Xaa Gly Trp Xaa Xaa Trp Xaa 
15 

xaa Xaa Pro Xaa Xaa Xaa Xaa Ala 

20 25 
xaa Tyr Cys Xaa Gly Xaa Cys Xaa 
30 " 
Xaa Pro Xaa Xaa xaa xaa xaa 
40 

xaa Xaa Xaa Asn His Ala Xaa Xaa 

Xaa xaa Xaa Xaa Xaa Xaa xaa Xaa 
55 

Xaa Xaa Xaa Xaa Xaa xaa Xaa Cys 

60 65 
Cys Xaa Pro Xaa Xaa Xaa Xaa Xaa 
70 

Xaa Xaa Xaa Leu Xaa Xaa Xaa 
80 

Xaa xaa xaa xaa Val Xaa Leu Xaa 
85 

Xaa Xaa Xaa Xaa Met Xaa Val Xaa 
95 

90 

Xaa Cys Xaa Cys Xaa 
100 



herein eac h Xaa * -J--* ^TlS * - 
of one or more •f^.^^ttl Xaa at res. 2 = 
following! "Res." means resl ° u . Mg or 

(W s, AT,, .la - « £ rein,, xaa'at res.S - 

„ et)! xaa a* res.4 - £ , ^ ^ ^ ^ , xaa at 

(Glu/ Ser, His, fcJ-Y' 
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res.7 - (Tyr or Lys), Xaa at res.8 - (Val or lie), Xaa 
TrlJ* (S«. UP or Gl»>, « - - £^ 

Ser); Xaa at res.-" \^ ' or « /Tvr or 

— — - ■ ™ -„r £\s h ; Bis^n, 

10 The)! Xaa at res.26 - (Ala. Ser, A p. ^ 

-•..^"=■"■2-: - .Tar, xaa at 

« - Glu Lys f Asp/ Gin or Ala); Xaa at res. 35 - 
res. 33 - Glu, uys, » B f (Pbe, Leu 

(Ala , ser, Pro «- - Asn), Xee - es.3 ^ ^ 

" L^'I " U.. £ or Pro,, xaa at 

Tser, Asp! Glu, Leu, Ala or Lys), xaa a re . 1 (Tyr, 

cys. Bis, ser or He), Xaa at "^'^ ot 

or Leu), xaa at res.43 • (*». Ser ° r ^ . (Thr , 

20 res.44 - (Ala, Ser. Gly or Pro), xaa at res^ ^ 
Leu or Ser), Xaa at res.49 - (lie. val or T ,, 
res 50 = (Val, leu or lie), xaa at res. 51 - (Gin o 

.v.. It res 52 - (Thr, Ala or Ser), Xaa at res.53 
Arg,, xaa at res.52 < Qr Met) , xaa a t 

- (leu or lie), Xaa at «•«•" « . be , leu , 

Ala , val or Leu); Xaa at res. 58 - (Asn, Ly , 
Glv or Phe); Xaa at res. 59 = (Pro, Ser or vax,, 

ah fslu As P/ Gly, Val or Lys); Xaa at res. 61 = 

v«a at res. 70 = (Thr, Ala or Glu); Xaa at res.vi 
35 (Gin Lyt! Ar g or Glu), Xaa at re,.72 - (Leu, Met or 
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ser. Asp or Gly), Xaa at 

val)) xaa at res.73 = (Asn, Ser P = ^ ^ 

res . 74 . (Ale. Pro or Ser), ^ ^ pro) f ^ , fc 

Val or Leu), Xaa at res.7 _ (Tyr or 

res . 77 . ,val, «et or ■ » • ^ His) . xaa a t 

5 Phe„ aaa at res.80 - (Phe, *Y . . (Asp , Glu, 

re ,.81 - (Asp, Asn or L eu) ,J X ^ ^ ^ , or 

M n or ser,; Xaa at re .S3 ( ^ or ^ xaa 

Asp,, aaa at res. 84 - (Ser. ^ ^ . (Ue , 

at res.85 - (Asn, *h r or Ly , ^ xaa at 

10 val or Asn,, Xaa at re. 89 IT ^ ^ ^ 
res.90 - <W«. Mn ' . (Arq , Gin, Glu or Pro), 

mt or Bis,, xaa at res-92 . 

xaa at res.93 - - (Arg, Lys, Val, 

(Val, Thr, Ala or He,, X« a ^ ^ or ser) . 

15 - r.ir. f«r- - « at res - 102 * 

(His or Arg). 

residues of vol, 'V^vfix below, and se,. ID 
CBMP-2B, GDF-1 (see compris ing the 

sos. 5-14), as well BMP5 and BMP6 (see 

25 c-ter.inal domains of 80A ^ ^ ^ 

sea. ID Nos. 24-28), all 01 cke i e ton. » addition, 
^served si, or seve, .^-' ^ gene rio 
oiosynthetic constructs desrgne ^ „ „.,. 

sequences, such as COP-1, ^ segoe „ ce s 

30 Pat. No. 5 ' 0U ' 6 ' 1 '/^ivin proteins (see, for 
include the inhibins/activ in P 5 , 0 U,691). 

example, U.S. Pat. £^££„. are those exhibiting 
accordingly, other ™*»\» MiM acid sequences 
35 SSrS STiS sequence homology or 
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10 



15 



a preferably 80% homology or similarity 
-similarity", and preferably « anticipated 
with any of the sequences *b *f and other 

to include ^;^Z:^ or "mutant 

„,.... , c id sequence homology" is 
„ used her " n ' "™r.=td1equence similarity, end 
understood to meen amino »«* siBilor ^ino 

e^ologous sequences share identice ^no 

acids, where similar am.no acids are^ protein 

scids as defined hy Dayoff et O Jtt. 345 ^ iT 

, (K.O. ^°«' ed ;; 7 K 8 a | 1 Thus , . candidete sequence 
Hashington D.C. 19™.) » ' reference 
sharing 70% amino acid ^f^^ent ot the 
sequence requires that, follow ^ ^ m o£ 

T. science are identical 

20 the amino acxds xn reference 

to the corresponding amino «^ ^ acid change 
sequence, or constitute a =°« e "*° is unde rstood 

thereto, "hmino acid -quence identity ^ & 
to require identical « l ^ ce sharing 6 0% 

» seances Thus a oa^sequ^ 

auiuo acid identity wltn cand idate sequence 
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Bs used herein, all homologies and "entities^ 

T ™> l as the reference sequence. Also as 

.entity calculation, .us in, 
5 si. (1970) iL-MQl. Biol^. 48. 443 4 » in Ul 

calculated by the ""J^TiTertion. in the 
esses, internal gaps "^""^tgnored when »aki»g 
candidate sequence as aligned are ignor 
the homclcgy/identity calculation. 

l ° Ih e currently *ost ^J^K. 

useful as S^TU"-** 9 -ter 

„ defining the conserved cy t ^ ^ 

identified species of OPl and OP2 (Seq. 

J^STS^* nu/leic acids which 
. . sequences encoding the c 
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20 



25 



.bove, whether isolated DNA or other 

sour ces or produced hyr e ^ species 

synthetic techniques, an y _ oc cnrring or 

varies of these Osteins, ^ "^"el! as vsrious 
biosynthetic mutants ™ X or addit ion 

truncated and ^"Vf f^be acti ve, inclnding 
^^^.^^^1-^ cysteine 
, those which may alter tne d not 

sReleton, provided °* 
functionally *»^^ Accordingly, such 

cysteines in the ^^^Teonivalent of the 

aCt ec V ificaUy ^ 
specifically oes A varying 

The proteins may ^ S -termini, a family of 

of recombinant DNA in host cells. 

T be monogenic proteins can 
ta tact or truncated ^ - ^lC and purified. 

^nuauy active composition, 
preferred host cells A deta iled 

cells, such as CHO. COS or BSC cells- ^ 
35 description of the morphogens useful 
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compositions and ^^J^^ serial Kos. 752,764, 
in copending US patent filed March 11, 

Lied August 30, 1991 ;^rare incorporated herein 
1991, the disclosure of which a 



by reference. 



Dy rtsio* 

engineers can isoi ^^^pecies which encode 
libraries of various di * „ con5t ruct DHAs 

, appropriate amino acxd e3Epre8 s the. in 

fro » oligonucleotides, and bQtb pro caryotes 

various types of host tit ies of act.ve 

and eucaryotes, "/"^"^g nenrai pathways in a 
proteins capable of sorviv ai of neurons at 

L5 L-al. i-ciuding ^^nerve regeneration and 
rtpaU ^-arfety ^13. — humans • 

The foregoing and J£TJ?-~ 
invention. 



WO 94/03200 



PCT/US93/07231 



Brl ef Description of the Brewings: 

«. foregoing « - 

this invention, « -11 « ^ descriptio „ 

5 ~ ^r=TS^ .cco-penvm, -in,s, in 
whichs 

10 tfce ebility of > t0 redi «erentiete to 

rsssr -sr-- - — < neurons 

(IB); 

w . for the inductxon 

treated NG108-15 cells; 
20 Tils vitn ^UM-speoific entity and 
^Sr^^conoentretion. 
dem0 nstreting the presence of 
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n.m ff-r 1 -"""^ 

aescribed herexn are ^ * ^ risK oI 

S survival f "^I^ural pathways in a — - 
dying, -d*-^ prote i„s rmorphogens") are 
M descried herein. » s non _ mit otic neurons, 
capable or enhancing staining the 

stimulating neuronal CAM expre M< 
X. phenotypic express- «-££^f formed oells of 
inducing the redifferen tiation of ^ 
neural origin, and stismlat * qaps in 

ssrjss : =.1— 
„. r ...» ~-. r«r^sr^.«»- 

suitable morphogens » ™ „ nethoas for 

sna devices of this ^ nume rous, 

tneir administration and app ^ 

" -^SSS or^or^gens and morphogen-stimulating 

-eintaining nerual f^^^^ ay in 9i and 
survival of neuronal cells at ris ^ 

2) P«vid y= wrtb C agents £or their 

norphogens and morphogen-stmulating ag 



efficacy. 
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I. Useful Morphogens 

Rs defined herein a protein is mcrphogenic if it is 
. . .„„ developmental cascade of 
capable of ^^^^ « at culminate in the 
5 cellular and ™° lecu '" e ^ if ic tlssue and comprises 

or its functional equivalent (see supra). 
soecifiSly, the morphogens generally are capable of 

srsrr -^"r„"^r 
«"•"■ "•«"'» t r.^™ — — 

naturally-sourced material or reco 

the procedures disclosed therexn. 

"^jZfZZTJZZ -lo-in 
30 — ^. ntT^ful^uences include bathetic 
constructs such as those disclosed rn U.S. Pat. 
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5 



10 



5 011,691, the disclosure of which is incorporated 
herein by reference (e.g., COP-1, COP-3, COP-4, COP-5, 
COP-7, and COP-16). 

Accordingly, the morphogens useful in the methods 
and compositions of this invention also may be 
described by morphogenically active proteins having 
amino acid sequences sharing 70% or, preferably, 80% 
homology (similarity) with any of the sequences 
described above, where "homology" is as defined herexn 
above. 

The morphogens useful in the method of this 
invention also can be described by any of the 6 generic 
15 sequences described herein (Generic Sequences 1, 2, 3, 
4, 5 and 6). Generic sequences 1 and 2 also may 
include, at their N-terminus, the sequence 

Cys Xaa Xaa Xaa Xaa (Seq. ID No. 15) 
20 1 5 

Table II, set forth below, compares the amino acid 
sequences of the active regions of native proteins that 
have been identified as morphogens, including human 
25 OP-1 (hOP-1, Seq. ID Nos. 5 and 16-17), mouse OP-1 

(mOP-1, Seq. ID Nos. 6 and 18-19), human and mouse OP-2 
(Seq. ID NOS. 7, 8, and 20-23), CBMP2A (Seq. ID No. 9), 
CBMP2B (Seq. ID No. 10), BMP 3 (Seq. ID No. 26), DPP 
(from Drosophila, Seq. ID No. 11), Vgl, (from Xenopus, 

30 Seq. ID No. 12), Vgr-1 (from mouse, Seq. ID No. 13), 
GDF-1 (from mouse, Seq. ID Nos. 14, 32 and 33), 60A 
protein (from Drosophila, Seq. ID Nos. 24 and 25), BMP 5 
(Seq. ID No. 27) and BMP 6 (Seq. ID No. 28). The 
sequences are aligned essentially following the method 

35 of Needleman et al. (1970) J. Mol. Biol., 48:443-453, 
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calculated using the Align Program (DNAstar, Inc.) In 
the table, three dots indicates that the amino acid in 
that position is the same as the amino acid in hOP-1. 
Three dashes indicates that no amino acid is present in 
5 that position, and are included for purposes of 
illustrating- homologies. For example, amino acid 
residue 60 of CBMP-2A and CBMP-2B is "missing". Of 
course, both these amino acid sequences in this region 
comprise Asn-Ser (residues 58, 59), with CBMP-2A then 
10 comprising Lys and lie, whereas CBMP-2B comprises Ser 
and lie. 



TABLE II 

15 





h0P-l 
m0P-l 


Cys 


Lys 


Lys 


His 


Glu 


Leu 


Tyr 




h0P-2 




Arg 


Arg 












m0P-2 




- Arg 


Arg 










20 


DPP 




Arg 


Arg 




Ser 








Vgl 






Lys 


Arg 


His 








Vgr-1 










Gly 








CBHP-2A 






Arg 




Pro 








CBMP-2B 




Arg 


Arg 




Ser 






25 


BMP3 




Ala 


Arg 


Arg 


Tyr 




Lys 




GDF-1 




Arg 


Ala 


Arg 


Arg 








60A 




Gin 


Met 


Glu 


Thr 








BHP5 


















BMP6 




Arg 












30 




1 








5 








h0P-l 


Ser 


Phe 


Arg 


Asp 


Leu 


Gly 


Trp 




m0P-l 
















35 


h0P-2 






Gin 
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mOP-2 

DPP 

Vgl 

Vgr-1 

CBMP-2A 

CBMP-2B 

BMP 3 

GDP-1 

60A 

BMP 5 

BMP6 



Ser 
Asp 
Glu 

Asp 
Asp 
Asp 



Ser 
Lys 
Gin 
Ser 
Ser 
Ala 



Val 
Val 
Val 
Val 
Val 
lie 
Val 



Leu 
Asp 



Ser" 
His 
His 



Glu 
Arg 



hOP-1 

mOP-1 

hOP-2 

mOP-2 

DPP 

Vgl 

Vgr-1 

CBMP-2A 

CBMP-2B 

BMP 3 

GDF-1 

60A 

BMP5 

BMP6 



Trp He 

... Val 

... Val 

... Val 



He Ala Pro Glu 



Gly Tyr 



Val 
Val 



Val 



Glu 
Gin 
Leu 
Gin 
Lys 
Pro 
Pro 
Lys 
Arg 



Phe 
Phe 



Ser 
Ser 
Asp 
Met 

His 
Gin. 
Asp 
Leu 
Gly 



hOP-l 
mOP-l 
hOP-2 
mOP-2 
DPP 



-u. T»r Cvs Glu Gly Glu Cys Ala 
Ala Tyr Tyr cys 

. ... Ser 



His 



Lys 



Pro 
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15 



20 



30 



35 



Vgl 

Vgr-1 

CBKP-2A 

CBHP-2B 

BMP3 

GDF-1 

60A 

BMP 5 

BHP6 



hOP-1 

mOP-1 

hOP-2 

mOP-2 

DPP 

Vgl 

Vgr-1 

CBMP-2A 

CBMP-2B 

GDF-1 

BMP 3 

60A 

BHP5 



hOP-1 

mOP-1 

hOP-2 

mOP-2 

DPP 

Vgl 

Vgr-1 

CBMP-2A 



Phe 
Phe 



Phe 
Phe 
Asn 



Phe Pro 



Tyr 







Tyr 








Pro 


* * * 




Asp 








Ser 






His 




Glu 


... 


Pro 




. . . 


His 




Asp 




Pro 






Ser 




Ala 




Gin 






Gin 




Gin 










Ser 








Asn 






Asp 






... 


Ser 






Asp 




... 


... 


Ser 




30 










35 


Leu 


Asn 


Ser 


Tyr 


Met 


Asn 


Ala 




Asp 




Cys 








... 


Asp 




Cys 






Ser 




Ala 


Asp 


His 


Phe 






Thr 


Glu 


He 


Leu 




Gly 






Ala 


His 










Ala 


Asp 


His 


Leu 




Ser 




Ala 


Asp 


His 


Leu 




Ser 


Val 


Ala 


Leu 


Ser 


Gly 


Ser** • • • 


Met 


Pro 


Lys 


Ser 


Leu 


Lys 


Pro 






Ala 


His 












Ala 


His 


Met 










Ala 


His 


Met 










40 










His 


Ala 


He 


Val 


Gin 


Thr 


Leu 



Leu 
Leu 



Ser 
Ser 
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CBHP-2B 
BMP 3 
GDF-1 
60A 
BMP5 



Ser 
Leu 



Thr 
Val 



lie 
Leu 



Ser He 
Arg Ala 



20 



bOP-1 
mOP-1 
hOP-2 
mOP-2 
DPP 

Vgl 

Vgr-1 

CBMP-2A 

CBMP-2B 

BMP 3 

GDF-1 

60A 

BMP5 

BMP6 



hOP-1 
mOP-1 
hOP-2 
mOP-2 
DPP 

Vgl 

Vgr-1 

CBMP-2A 

CBMP-2B 



Val 


His 


Phe 


He 


Asn 


Pro 




His 


Leu 


Met 


Lys 






His 


Leu 


Met 


Lys 






Asn 


Asn 


Asn 










Ser 




Glu 








Val 


Met 








Asn 


Ser 


Val 




Ser 




Asn 


Ser 


Val 




Ser 




Arg 


Ala** Gly 


Val 


Val 


Met 




Ala 


Ala 


Ala 








Leu 


Leu 


Glu 








Leu 


Met 


Phe 








Leu 


Met 








55 










Pro 


Lys 


Pro 


Cys 


Cys 


Ala 



Ala 
Ala 



Ala 
Ala 



Glu 
Asp 



Asp 

Gly 



Pro 
Gly 
Lys 
Asp 

60 



Thr Val 



Ala 
Val 
Lys 
Asp 
Tyr 
Lys 
Ser 
Gly 



Lys 
His 
Tyr 



Val 
Val 



Val 
Val 



He 
He 
He 
Ala 



Ala Pro Thr Gin 
Lys 

. ... Lys 



Lys 
Lys 
Glu 
Glu 
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BMP 3 
GDP-1 
60A 
BMP 5 
5 BMP 6 



hOP-1 
mOP-1 
bOP-2 
mOP-2 

Vgl 

Vgr-1 

DPP 

CBHP-2A 
CBMP-2B 
BMP3 
GDF-1 

60A 

BMP5 

BMP 6 



25 



... Glu 
Asp Leu 



Val 
Val 



Glu Lys 
Ala Arg 
... Arg 

Lys 

... Lys 
70 



Leu 



Met 
Val 



Met 



Asn Ala 



Ile Ser Val Leu Tyr 



hOP-1 

mOP-1 

hOP-2 

nOP-2 

DPP 

Vgl 

Vgr-1 

^CBMP-2A 

CBMP-2B 

BMP 3 



Ser 
Ser 
Ser 

Asp 
Ser 
Ser 
Ser 
Ser 
Gly 



... Tbr 
Thr 

Pro 

Ser Val 



Ser 
Pro 



Leu ... 
Leu Pro 



Met 

Met 
Met 
Met 
Ile 



Phe 
Phe 



Phe 

Tyr 
Tyr 
Tyr 

Leu 
Leu 
Leu 
Tyr 

His 



Asp 



Asp 


Ser 


Ser 


Asn 


Ser 




Asn 




Ser 




Asn 






Gin 




Thr 


Asn 


Asn 


Asp 






Asn 






Glu 


Asn 


Glu 


Lys 


Glu 


Tyr 


Asp 


Lys 


Glu 


Asn 


Lys 





Val He Leu Lys 



Arg 
Arg 



Val 
Val 

Val 
Val 
Val 
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GDF-1 
60A 
BMP 5 
BMP 6 



Asn 
Asn 



Asp 
Glu 



Val 
Asn 





hOP-l 


Lys Tyr 


Arg 


Asn 




mOP-1 








10 


hOP-2 


His 




... 




mOP-2 


His 








DPP 


Asn • • • 


Gin 


Glu 




Vgl 


His 


Glu 






Vgr-1 









15 


CBMP-2A 


Asn 


Gin 


Asp 


CBMP-2B 


Asn 


Gin 


Glu 




BMP3 


Val 


Pro 






GDF-1 


Gin ... 


Glu 


Asp 




60A 








20 


BMP5 






Trp 


BMP 6 










90 






25 


hOP-l 


Ala Cys 


Gly 


Cys 




raOP-1 










hOP-2 










mOP-2 










DPP 


Gly ... 






30 


Vgl 


Glu 








Vgr-1 










CBMP-2A 


Gly 








CBMP-2B 


Gly 








BMP 3 


Ser 


Ala 


35 


GDF-1 


Glu 







Val Val Arg 

Lys 

Lys 

Thr ... Val 

Ala ... Asp 

Glu 

Glu 

Thr ... Glu 

Asp 

He ... Lys 



Arg 
Arg 

Arg 
Arg 
Arg 
Arg 
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60A Sex 
BMP5 Ser 
BMP6 



100 



between residues 56 and 57 of BKP3 is ■ ™ 

between residues 43 and 44 of GDF-1 lies 
the amino acid sequence Gly-Gly-Pro-Pro. 



* Am *«oarent from the foregoing amino acid 
seouence cX^on- significant amino acid changes 
rriaL Within the fences - ^ 
retaining the morphogeny activity. Fo P 

the GDF-1 P^ A *^£££^*,1 
only about 50% amxno acid e snares 

^Wlarily" includes allowed conservative amino 
or "similarity n^fined by Dayoff , 

supp.3. PP.34S-362, < M ; 0 ; D ^° £ ; ed -' Sat 
Res. Fd'n, Washington D.C. 1979- > 

5 The currently most preferred protein sequences 

having gre ^ acid sequence 

than 65% identity, wxtn ske leton of hOPl 

0 defining the conserved six cyste 

variants of the OP-1 and OP-2 P™"" 18 : another 
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comprising species of 

^a^riTSS -e T and 
Testes the "entities between * = 
identified mouse and human OP «* « ^ ta< 

, Sri" = rS 

X6-23). 

„. r— iSBS and_M«thod. for aaninisterina, 

Th"^ a r p "*" ic Aqents 

The morphogens may be provided to en £ 
w suitable means, preferably directly (e.g.. locally, 

intravenous, subcutaneous, inrrs.u 
ophthalmic, intraventricular, intracranial, 
intracapsular, l^J^S Intranasal or 
intraperitoneal ^^^th^orpnogen' preferably 
25 by a ero.ol admxnxstratron _ The solut ion is 

comprises part of an aqueo addit ion to 

sets »: ssf-»r- »...;-■ - 

30 patient s electro y CO roprise normal 

medium for the morphogen thus may comp 

for example, by d " s0 ^ * 1% tri£1 uoroacetic acid 
35 containing acetonitrile m 0.1% triix 
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15 



n i% HC1 or equivalent solvents. One volume 
(TFA) or 0.1% HC1, or equ example, 

extensively. If des ! 7' 7 lth a suitable molecule. 
„ore soluble by assertion ^ ^f^ „ ith toe 

~ rtVr^ ^r-ses nubility * the 
pro domain o J. section n.l. below,. In 

administrations, is casein. Fo 

Mack Pub., 1990- lorBU oolvethylene 

naphthalenes, a« the like and 
administration, in particular, my tible , 
other compositions of high "-"^J^ for 
preferably bioresorbable, polymers "ggg^ 

,0 example, ^^"J^^iJ^W-lU. 
tricalcium ^^^^f^^ents to control the 
copolymers, may be useful excip te ntially 
release of sySms for these morpheas 

35 ^"S£E£^ copolymer particles, 
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a5oeou s .onions l°^£j;i£7^ and 

deoxycholate, or oily so applied 
the form of nasal drops, or as a gel to be PP 

administration. 

Alternatively, the morphogens described herein may 
7" T ^!o^d orally. Oral administration of 

5 ^ fS^TSSrS^- ally iS ^ PraCtiC6d " 

proteins as therapeu y digestive enzymes 

moS t proteins are read ^ 1 ^ n <i ^"^ ive y sys tem before they 
and acids in the mammalian festive sv 
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addition, while the macu ingly soluble, the 

described herein ^"^and mLTry ^ 
morphogen form f ol ^ le , pr0 bably by 

and colostrum is readily active for » 

association of th e ma ^ ^ 

, with part or all of the pro ^ 
seq uen=e and/or by compounds provided herein 

, components. ^^^Lcule. capable of 
in vi^ or ia 

5 ^^rpho.n-stimulat., - 

tiss ue. For example, an specifically 
of other binding protein that interacts p 

example, in U.S. Pat. Mo. 5,091,513. 

A s described above, the morpheas 
share significant science f^^/^u, 
active rrS^T^^T-l- -fine the 
diverge " toe pro domain is thought to 

pro domain. Accordingly^ P it is als0 

„ be .Trphogens identified to date 

a^dif^^^ 

TZSZ ^"ar^iti y ons in the 
it is lxKeiy u» , . n .. allv ac t on a given 

35 body, selected morphogens typically ac 
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10 



associated with nerve tissue. 

fuctors and anti-inflaamatory aaente. 

tte conpOT nds provided herein can be f°»ulated 

the form of liquid sou. tablets or 

powders, nasal drops, or aerosols. 
J0 ran be formulated for parenteral 

35 sufficient to eXiminate or reduce the patient 
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catbological condition, to provide therapy for the 
neurological diseases and disorders 

and amounts effective to enhance neuraX cell survival 
an/or to protect neurons and neural pathways in 
5 anticipation of injury to nerve tissue. 

M will be appreciated by those skilled in the art, 
the concentration of the compounds described in a 
therapeutic composition will vary depending upona 
10 number of fectors, including the dosage of the drug to 
be administered, the chemical characteristics <e.g. , 
hydrophobic^ > of the compounds employed, and 
*£e of administration. The preferred dosage of drug 
to be administered also is likely to depend on such 
15 variables as the type end extent of progression of the 
neurological disease, the overall health status of the 
Articular patient, the relative biological efficacy of 
£f colpouna selected, the formulation of the compound 
^cipients. end its route of administration. In general 
,„ toe compounds of this invention may be provided 

20 »Ceous "physiological buffer solution containing 
about 0.1 to 10% w/v compound for parenteral 
administration. Typical dose ranges are from about 10 
„g/kg to about 1 g/kg of body weight per day, a 
25 preferred dose range is from about 0.1 , g/kg to 
100 mg/kg of body weight per day. Optimally, the 
Trphogen dosage given in all cases is between MO H 
Tf protein per kilogram weight of the patient per day. 
No obvious OP-1 induced pathological lesions are 
30 induced when mature morphogen (e.g., OP-1, 20 
administered daily to normal growing rats for 
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„ consecutive day,. Moreover. « « for 
inlections of morphogen (e.g., OP-1) mjectao o» j 
To days in" normal newborn .nice does not produce any 
gross abnormalties. 

5 Since the ability of proteins and protein ««g«ents 

to oene"aS the blood-brain barrier »ay be related to 
Sers"e Upophilicity or their net ionic charge, 
suiteble -edifications of the morphogens nay be 

10 formulated (e.g., by substituting 

^ „„i a xastin et al., p*»"nac. Bj i ochem. Benav. 

15 for example, Kasnn et. oj. , _ - . mqro \ 

(1979) 11:713-716, Rapoport et al., Scxence <^ 

ii 198?1 w^nnhem. B iophvs. 

207:84-86? Pardridge et al-, (19»/> -— « 

P^^Cpnasutu 146:307-313; Riekkmen et al -< 198 ^. , 
^^^78 - m^S. The efficacy of these functional 



herein 



25 



30 



in administering morphogens systemically xn the 
methods of the present invention, preferably a large 
"lume loading dose is used at the start of the 
Treatment. The treatment then is continued wxth a 
: ai n~e dose. Purther administration the, > can be 
determined by monitoring at intervals the levels of the 
morphogen in the blood. 
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- - 

induced deliberately as parr ox, . 
soraiC al procedure, the 

provided 3«t prxor to^ o ^ u 



patient 



15 



20 



. , o-Ffective amount of an agent 

""TTi^IUin, e^cus morphogen levels may 
capable of stimulating eno g desc ribed above. 

be administered by any ofthe rout* , M rpho 9 en 
For example, an agent capable or My 
production and/or se^et ion « administ ration 
be provided to a ^'^^^ associated with tbe 
of tbe morphogen to Ce " S method £or identifying 

nerve tissue to be treated. * toe levels ot 

Lrphogen produced by the cells of th at t« 
30 su^able tissue or cultured cells of^ tissue^ 
preferable ^^^Z £Z -* 

adendema glial cells, and the like. 



35 
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A currently preferred detection means for 
evaluating the level of the morphogen in culture upon 
exposure to the candidate compound comprises an 
immunoassay utilizing an antibody or other suitable 
5 ^ding protein capable of reacting specifically with a 
morphogen and being detected as part of a complex with 
the morphogen. Immunoassays may be performed using 
standard techniques known in the art and antibodies 
raised against a morphogen and specific for that 
10 morphogen. As described herein, morphogens may be 
isolated from natural-sourced material or they may be 
recombinants produced. Agents capable of stimulating 
endogenous morphogens then may formulated into 
pharmaceutical preparations and administered as 
15 described herein. 

Where the morphogen is to be provided to a site to 
stimulate axon regeneration, the morphogen preferably 
is provided to the site in association with a 
biocompatible, preferably bioresorbable carrier 
suitable for maintaining a protein at a site in vivo, 
and through which a neural process may regenerate. A 
currently preferred carrier also comprises sufficient 
structure to assist direction of axonal growth. 
Currently preferred carriers include structural 
molecules such as collagen, hyaluronic acid or laminm, 
and/or synthetic polymers or copolymers of, for 
example, polylactic acid, polyglycolic acid or 
polybutyric acid. Currently most preferred are 
30 carriers comprising tissue extracellular matrix. These 
may be obtained commercially. In addition, a brain 
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tis sue-derived extracellular " 
described in international applxcatron 
(W092/1S323), incorporated hereinabove by reference, 
and/or by other means known in the art. 
5 Ih e currently preferred means for repairing breaKs 

to neural pathways, particularly pathways of the 

sr"— - sLSTJsr silicone 

rs^ss is2 "rrcou.,.n, 

25 ^rr^inin, tactic acid, J-J^^ 
SSTJS ^celhTeifdescribed herein g enerally 
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M Ore0 ver the guidance channels may be constructed of 

means known in the medical art. 
jj.j Mor r""T-" complexes 

A currently preferred form of the - 
in therapeutic formulations, having 
i„ aqueous solutions and consisting essentially 
.„,„„ „ ids , is o dimeric morphogenic protein 

It le«t the 100 amino acid peptide sequence 
ZZ?Z Z£?-« -en or more cysteine residues 
^Iracteristic of the morphogen family complied with a 
peptide comprising part or all of a pro regxon of a 
Lmber of the morphogen family, or an allelic, species 
or other sequence variant thereof. 'J* 
dimeric morphogenic protein is completed wxth two 
peptides. Also, the dimeric morphogenic P™«"> 
preferably is noncovalently completed wxth the pro 
region peptide or peptides. The pro region peptides 
a!so preferably comprise at least the «-termxnal 
eighteen amino acids that define a given morphogen 
"o regior In a »st preferred embodiment, peptides 
defining substantially the full length pro region are 



used. 



30 



Other soluble forms of morphogens xnclude dxmers of 
^e uncleaved pro forms of these proteins, as well a. 
^emi-dimers" wherein one subunit of *e dxmer » an 
uncleaved pro form of the protein, and the other 
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peptide . 

^es'erined by residues 30-292 (Ml ^ 
S "-2,2, end iSS-2,2. « "es tee 

, Z 1 . STtSSS-. in that residues 30-«7 -~ 

!5 more morphogen pro sequences. 

synthetic sequence variant of one or more known pro 
region sequences. 
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In another preferred ^ 
peptides include polypeptide chains °™ hvbri dizes 
Lid seance encoded by » -cle c acid^ 

20, respectively. 

A isolaj^onofj*^ 

j ■fl.^MLffllt. 

.™«««ed from mammalian cells as 
Morphogens are expressed **° complex is 

soluble complexes. Typically, now 

^associated during ^""^^ fiction 
expo-re to ^^^s. ToZs, organic 
solutions, such M . de "^f ; d eofflpou „as added to 
solvents, chaotropic agent and co P iB a 

reduce the pH ol the solution. ^ sQluble 
20 currently preferred ^^,^"^^11,, « hody 
proteins from conditioned <^ r ' P lton- i 

fluid such as serum, ^"'^^ InB method is 

25 morphogen complexes m » 

soluble morphogen complexes can be isolated from 
conditioned media using a ^^HLence of 
chromatographic protocol ^°™f e ^ ing the media 
30 denaturants. The P"^^*^. followed by 
(or b ody fluid, over « ^ » £ r ^ chromatogr aphies . The 

35 z^zr^tt-. 
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are anticipated to be isolatable using only minor 

XI.) 

In this experiment OP-1 was expressed in mammalian 

! bulk of the contaminating serum proteins that 

" e^e in ^ f low though ano 35 m imidazole wash 
fractions The *n-I«*C purified soluhle OP- » next 

the following gel filtration step. The protean 
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. _ _ sephacryl S-200HR column equilibrated in 
^^\2&Uy the same protocol, soluble 
rorpbogens'also .ay be isolated fro, one or -re hody 
fluids, including serum, cerebrospinal fluid or 
peritoneal fluid. 

IMAC was performed using Chelating-Sepharose 
(Pharmacia) that bad been charged with thre< . column 
Li«— of 0.2 M ZnSO,. The conditioned media was 



15 



20 



* n o m znSO . The conditioned meaia wo* 
volumes of 0.2 M znsu^. x«« M tmap 

££. She Zn-IMAC resin was loaded with 80 . ^ 
starting conditioned media per mL of resin. After 
loading! £. column was washed with eguilibratron 
buffer and most of the contaminating proteins were 
Suted wit "s m« imidazole <pE 7.0, in eguilibratxon 
buffer The soluble OP-1 complex then is eluted wxth 
XfZ'JZ^* (PH B.0, in 20 m HEPES and BOO mM 
NaCl. 

The 50 mM imidazole eluate containing the soluble 
OP-1. complex was diluted with nine volumes of 20 mM 

T If resin. After loading the S-Se P harose column 
Z tJJVZ —ion --rl^lnlo mM 

asrii - — « — r/to-a F sT y x 80 

«i B of the 300 mm NaCl eluate was applied to a 5. u a 
r^acryl S-200HH (Pharmacia, equilibrated in Xris 
buffered saline (TBS) , 50 mM Ins, 150 mM NaCl 

t"). The column was eluted at a flow rate of 5 
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mL/minute collecting 10 mL fractions. The apparent 
molecular of the soluble OP-1 was ^"rminedby 
comparison to protein molecular weight itintortB 
(alcohol dehydrogenase (ADH, 150 KDa>, bovine serum 

5 albumin (BSA, 68 KDa), carbonic anhydrase (CA, 30 KDa) 
anXtochrome c (cyt C, 12.5 KDa, . The purxty of the 
^00 column fractions was determined by separation on 
standard 15% polyacrylamide SDS gels staged ««* 
coomassie blue. The identity of the .nature OP-1 and 

10 the pro-domain was determined by K-terminal sequence 
analysis after separation of the mature OP-1 from the 
pro-domain using standard reverse phase C1B HPLC. 

The soluble OP-1 complex elutes with an parent 
15 molecular weight of 110 KDa. This agrees well with the 
predicted composition of the soluble OP-1 compler with 
™- .nature OP-1 dimer (35-36 KDa) associated with two 
Zl^ZZsV* KDa each,. Purity of the final complex 
can be verified by running the appropriate fraction in 
20 a reduced 15% polyacrylamide gel. 

The complex components can be verified by running 
the complex-containing fraction from the S-200 or S- 
200HR columns over a reverse phase CIS HPI* column and 
25 eluting in an acetonitrile gradient (in 0.1% TPA), 

standard procedures. The complex is dissociated 
by tlis step, and the pro domain and mature *P e « es 
eLte as separate species. These separate species then 
can be subjected to N-terminal sequencing using 
30 standard procedures (see, for example SSLiS^ 
pgtein Purification, H. Deutscher, ed., Academic 
Press, San Diego, 1990, particularly pp. 602-613), and 
the identity of the isolated 36KD, 39KDa proteins 
^firmed as mature morphogen and isolated, cleaved pro 
35 domain, respectively. H-terminal sequencing of the 
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r -^%:r:r™ r w ir;e"i - •„ „. 

of the isolated mature species reveal, a range of 
H-termini for the -etur. b*--. - „ 

"tT'axr^ which- live - demonstrated * * 
standard bone induction assay. 

B . T „ vttro Solv "° Mnmhoaer Complex formation 

As an aiternative to purifying soluble complexes 
from culture medio or a body fluid, soluble completes 
^bTformulated from purified pro domains and mature 
dimeric species. Successful complex formation ^ 
epparently requires association of the component, under 
denaturing conditions sufficient to relax the folded 
, structure of these molecules, without effecting 
' ££E bonds. Preferably, the denaturing conditions 
min ic the environment of an intracellular vesrcle 
sufficiently such that the cleaved pro domain has an 
opportunity to associate with the mature drmerxc 
5 species under relaxed folding conditions. The 
concretion of denaturant in the solution then „ 
decreased in a controlled, preferably step-wise manner, 
so": " allow proper refolding of the dimer and pro 
regions while maintaining the associatxon of the pro 
0 oomain with the dimer. Useful denaturants 

urea or guanidine hydrochloride (GuHCl), in buffered 
ZlZ»Tot PH 4-10, preferably pH .... The soluble 
complex then is formed by controlled dxalys.s or 
dilution into a solution having a final oonaturant 
,5 concentration of less than 0.1-2M urea or GuBCl, 
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w, 1 •> m urea of GuHCl, which then preferably 
preferably 1-2 M urea oi uu ' ffer . Pro tein 

are veil «» > readily can 

developing a suitable renaturi g p ^ 
be determined by one having ordi protein 
one useful tert one the subject is — „ 
^Sr'^ri" r/^nT^le, ^tion 
D a "o "may be'e^u ^ addition of one or .ore cbaperone 
proteins . 

C. ~-^<+y nf golublj Bor^aaea complexes 

The stability of the highly purified soluble 

N-terminal portio ennan cing complex 

:5 to have particular ful „ eans for 

sta bility for "-r,^ complexes 
enhancxng the stability or additives 
include three classes of add itive u » ^ 
include basic amino acids (e.g., L argini , y 
30 betaine,; nonionic ^ents (e.g. , Xw een 
nonldet P-120); and carrier proteins (e g 
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albumin and casein) . Useful concentrations of thes< 
additives include 1-100 mM, preferably 10-70 mM, 
including 50 mM, basic amino acid?, 0.01-1.0%, 
preferably 0.05-0.2%, including 0.1% (v/v) nonionxc 
5 detergent;, and 0.01-1.0%, preferably 0.05-0.2%, 
including 0.1% (w/v) carrier protein. 



III. Examples 
10 Example 1. ratificatio n nf Morohogen-Bxpressing 
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Tissue 



Determining the tissue distribution of morphogens 
may be used to identify different morphogens expressed 
in a given tissue, as well as to identify new, related 
morphogens. Tissue distribution also may be used to 
identify useful morphogen-producing tissue for use xn 
screening and identifying candidate morphogen- 
stimulating agents. The morphogens (or their mRNA 
transcripts) readily are identified in different 
tissues using standard methodologies and minor 
modifications thereof in tissues where expression may 
be low. For example, protein distribution may be 
determined using standard Western blot analysis or 
25 immunofluorescent techniques, and antibodies specif xc 
to the morphogen or morphogens of interest. Sxmxlarly, 
the distribution of morphogen transcripts may be 
determined using standard Northern hybridization 
protocols and transcript-specific probes. 



Any probe capable of hybridizing specifically to a 
transcript, and distinguishing the transcript of 
interest from other, related transcripts may be used. 
Because the morphogens described herein share such hxgh 
35 sequence homology in their active, C-terminal domaxns, 
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the tissue distribution of a specific morphogen 
specific for the pro reckon of the vm in . 

the ^nr^;;:^ 

5 mother "^'Xtely following the stop codon. 

£1 anXin 9 end i^edietely^ snbstantially among 

These portions of the seq accordingly, are 
the morphogens of this invent > rticul arly 
specific for eech protem. ror examp , * cl 
l0 useful „r-l-speci«ic probe s = e >s «>e p™^ ^ 
fragment, a 265 bp fragment -"^^^J, of the 
the untranslated pro PmS 86.4554- 

sequence (see Lyons et el. (iso'l — - — 
r for Tdaecription of the « sendee • 

„ Snarly, -^SL^E^'" * 

::rn c crrt — ? • £ *- 

sequence too «. MT -stuI fragment, a 0.2 Kb 

m0 P-l pro regxon; a StuI-StuI fragm ne dQmain . 

sequence immediately f ^ fragment 

20 and the Earl-Pstl fragment ^sequence 
containing a portion of the 3 ^ defined 

(See Seq. ID No. 18, J**™ * gimilar approa ches 
essentially by residues 30 JD No . 16) 

roay b e used, for ex-Pie, wxth^OP < ^ ^ 
25 or human or mouse OP-2 (Seq. ID nos 

using these morphogen-.pecif ic P^J^ 
may be synthetically engineere "^Identified in 

^ine tissues (e.g., li«r, » et hodology 

.^sr^nf^iete,.-, 
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ss£i; _ a iochem 1U.1M-U*) and described below. Poly 

*^« m Mch tissue is fractionated on a 1% 
r g "c formaldehyde gel end transferred onto a Hytran 
»!Lrane (Schleicher i Schuell,. blowing the 
transfer, the membrane is baked at 80-C and tbe RK* is 
cross-linked under uv light (generally 30 seconds at 1 
L.,. prior to hybridisation, the appropriate probe 
EtL- by beating. The 

out in a lacite cylinder rotating in a roller bottle 
a p P aratns at approximately 1 rev/min for approximately 
U hours at 37-C using a hybridization mix of 40% 
formamide, 5 x Denhardts, 5 x SSPE, and 0.1* SDS. 
™in, hybridisation, tbe non-specific counts are 
was»ed off L filters in 0.1 x SSPE, 0.1% SDS at 50 c. 

Examples demonstrating the tissue distribution of 
, viI Zs morphogens, including vgr-1, OP-1, BKP2 BHP3, 
BMF4 , BMP5, GDP-1, and OP-2 in developing and adult 
tissue are disclosed in international application 
US92/01968 (W092/15323), and in 

<r> y^i ■s s^s^ 'S.^Si- 

5 enerll'probL, methodology described herein 

nortnem blot hybridisations using probes specif ic for 
these norphogens to probe brain, spleen lung, heart, 
Uver and kidney tissue indicate that kidney-related 
tissue appears to be the primary expression source for 
OP-1, with brain, heart and lung tissues being 
secondary sources. Lung tissue appears to be the 
primary tissue expression source for vgr-1, BHPS, BMW 
end BMP3. Lower levels of vgr-1 also are seen in kidney 
end heart tissue, while the liver appears to be a 
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seen in Kidney and heart tissue, while the liver 
aooears to be a secondary expression source for BMP5, 
STE spleen appears to he a secondary expression 

*Z- bmp4 GDF-1 appears to be expressed 
=ily rb-in tissue"' To date, OP-2 appears to be 
^ssed primarily in early embryonic tissue. 

T/relsL is reduced significantly in 
1,-day embryos and is not detected in post-natal 
animals . 

Example 2. ■-- r -- r" Localisation in the Nervous , 
System 

Morphogens have been identified in developing and 
adult rtt Lin and spinal cord tissue, as determxned 

rr^ - - — - --rrrthe . 

Xnattonal application OS92/01968 <*»/»»»>; and 
- k et al. (1991) Bigchem, »io°hvs. «es. Comm. , 

5 Ozkaynax ei " » ' ,10921 J. mm. Chem. 

In! art « E^4) and Vgr-1 transcripts also have been 
reported to^e expressed in nerve tissue (J ones et al. 
,Z "1ek» 111 = 531-542,, although the nerve 
35 llssue does not appear to be the primary expression 
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tissue for these genes (Ozkaynak, et al., (1992) 
niol. Chem. 267:25220-25227. Specifically, CBMP2 
transcripts are reported in the region of the 
diencephalon associated with pituitary development, and 
5 Vgr-l transcripts are reported in the anteroposterior 
axis of the CNS, including in the roof plate of the 
developing neural tube, as well as in the cells 
immediately adjacent the floor plate of the developxng 
neural tube. In older rats, Vgr-l transcripts are 
L0 reported in developing hippocampus tissue. In 

addition, the genes encoding OP-1 and BMP2 orxgxnally 
were identified by probing human hippocampus cDNA 
libraries . 

15 immunolocalization studies, performed using 

standard methodologies known in the art and disclosed 
in international application US92/01968 (W092/15323 ) , 
the disclosure of which is incorporated herexn, 
localized OP-1 expression to particular areas of 
20 developing and adult rat brain and spinal cord txssue. 
Specifically, OP-1 protein expression was assessed xn 
adult (2-3 months old) and five or six-day old mouse 
embryonic nerve tissue, using standard morphogen- 
specific antisera, specifically, rabbit anti-OPl 
25 antisera, made using standard antibody protocols known 
in the art and preferably purified on an OP-1 affxnity 
column. The antibody itself was labelled usxng 
standard fluorescent labelling techniques, or a 
labelled anti-rabbit igG molecule was used to vxsualxze 
30 bound OP-1 antibody. 

As can be seen in FIG 1A and IB, immunofluorescence 
staining demonstrates the presence of OP-1 in adult rat 
central nervous system (CNS. ) Similar and extensxve 
35 staining is seen in both the brain (1A) and spxnal cord 
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(IB). OP-1 appears to be localized predominantly to 
the extracellular matrix of the grey matter (neuronal 
cell bodies), distinctly present in all areas except 
the cell bodies themselves. In white matter, formed 
5 mainly of myelinated nerve fibers, staining appears to 
be confined to astrocytes (glial cells). A similar 
staining pattern also was seen in newborn rat (10 day 
old) brain sections. 

10 in addition, OP-1 has been specifically localized 

in the substantia nigra, which is composed primarily of 
striatal basal ganglia, a system of accessory motor 
neurons that function is association with the cerebral 
cortex and corticospinal system. Dysfunctions in thxs 

15 subpopulation or system of neurons are associated with 
a number of neuropathies, including Huntington's chorea 
and Parkinson's disease. 

OP1 also has been localized at adendema glial 
20 cells, known to secrete factors into the cerebrospinal 
fluid, and which occur around the intraventricular 
valve, coroid fissure, and central canal of the brain 
in both developing and adult rat. 

25 Finally, morphogen inhibition in developing embryos 

inhibits nerve tissue development. Specifically, 9-day 
mouse embryo cells, cultured in vitro under standard 
culturing conditions, were incubated in the presence 
and absence of an OP-l-specif ic monoclonal antibody 

30 prepared using recombinantly produced, purified mature 
OP-1 and the immunogen. The antibody was prepared 
using standard antibody production means well known in 
the art and as described generally in Example 13. 
After two days, the effect of the antibody on the 

35 developing embryo was evaluated by histology. 



As 



94/03200 



PCT/US93/07231 



aetermined by eye lobe" 

specific antibody *P e " f1 ""* "* lb " n particular, the 
formation in the develops «bryo. » pa 

ssssrss ssrrs- — - 

"tibody localizes to neural epithelra. 

Teii:.^ .neurons e.d.or glial cells 
wit h the neurons. ^« d "»^»- 
neurons * « led in tte hlOT e„ blood 

15 Recently, OP-i nas .... ion transplanted 

- — ^^fSi^Ci. -ated by 

rretrr/r^v- — 

J5 EM »ple3. Maafea asn rnh.uce.nent of Neuronal Cell _ 
Survival 

The morphogens described herein enhance cell 
• -. «»ri-icularlY of neuronal cells at rxs* u 
survival, P^^" 1 * dif fe rentiated neurons are 
30 dying. ^ ^fe^n vitro when cultured under 

non-mitotic ^ « conditions, using a 

standard mammalian eel cul^ ^ ^ ^ 

chemically defined or low serum 

_^ for example, Chamess (1986) J. S±S 

art, (see, for examy Q . Brain-Res^ 
35 26:3164-3169 and Freese at al. (1990) Bra 
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521-254-264.) However, if a primary culture of non- 
loUc neuronal cells is treated wit, , > morphegen, he 

was prepared using standard procedures, e.g.. by 
Association by trituration with pasteur pipette of 
s^tanfe Tig" tissue, using standard tissue culture 
protocols, and grown in a low sere* medium. ..... 

containing 50% DMEM (Dulbecco's modified Eagle s 
medC lo* F-12 medium, heat inactivated horse serum 
supplemented with penicillWstreptomycin 
alucose. Under standard culture conditions, these 
cells I e undergoing significant cell death 
Ik, when cultured in a serum-free medium. Cell death 
' revifenc.rmor P hologically by the inability of cells 
to remain adherent and by changes in their 
ultrastructural characteristics, e.g., by chromatin 
clumping and organelle disintegration. 

" in this example, the cultured basal ganglia were 

were treated v"h chemically defined medium conditioned 
o'l-lOO ng/ml OP-1. Fresh, morphoge n-condi tioned 
Ldium was provided to the cells every 3-4 days. Cell 
survival was enhanced significantly and was dose 
dependent upon the level of OP-1 added: cell death 
decreased significantly as the concentration of OP 
was increased in cell cultures. Specifically, cells 
remained adherent and continued to maintain the 

30 morphology of viable differentiated neurons- ntte 
absence of morphogen treatment, the majority oi tne 
cultured cells "dissociated and underwent cell necrosis. 
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Dysfunctions in the basal ganglia of the sustantia 
nigra are associated with Huntington's chorea and 
parkinsonism in vivo. The ability of the morphogens 
defined herein to enhance neuron survival xndxcates 
that these morphogens will be useful as part of a 
therapy to enhance survival of neuronal cells at risk 
of dying in vivo due, for example, to a neuropathy or 
chemical or mechanical trauma. It is particularly 
anticipated that these morphogens will provide a useful 
therapeutic agent to treat neuropathies which affect 
the striatal basal ganglia, including Huntington's 
chorea and Parkinson's disease. For clinxcal 
applications, the morphogen may be administered or, 
alternatively, a morphogen- stimulating agent may be 
15 administered. 



10 



Example 4. Mnrnhnaan-Ind nrprt Redif f erentiation of. 
Transformed Cells 



20 



The morphogens described herein also induce 
redifferentiation of transformed cells to a morphology 
characteristic of untransformed cells. In partxcular, 
the morphogens are capable of inducing 
25 redifferentiation of transformed cells of neuronal 

origin to a morphology characteristic of untransformed 
neurons. The example provided below details morphogen 
induced redifferentiation of a transformed human cell 
line of neuronal origin, NG105-U5. Morphogen- induced 
30 redifferentiation of transformed cells also has been 
shown in mouse neuroblastoma cells (N1E-115) and xn 
human embryo carcimona cells (see international 
application US92/01968 (W092/15323 ) . 
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HGX08-15 is a transformed hybrid cell line produced 
NG108-13 ia » . cells (obtained from 

by fusing neuroblastoma x glioma cells (O 

col- nel^ rin 9 cell. . 
Inof ation o^OB-cel m ^ o£ 

change in cell morphology. 

In the experiment KO106-15 cells were subculture* 

each well. OP-1 co ^* n changed daily with new 

£ Tsingle four hour incubation with OP-1. In 

-ea-d with OP-1 begin ~ f « -P**^ 
30 which provide the basis for » J four 
aggregates at three day' s P-^r^ent ^ ^ 
days, the great majority of OP ^rea 
associated in tightly-packed, mutilayerea gg 
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fFia IB). Fig. 2 plots the mean number of multi- 
ilyered aggregates'or cell clumps identified in twenty 
randomly selected fields from six independent 
experiments, es a function of morphogen concentration. 
S "rty" g /ml of OP-1 is sufficient for half maximum 
induction of cell aggregation. 

The morphogen-induoed redif ferentiation occurred 
without any associated changes in DHA synthesis, cell 
10 division, or cell viability, making it unlikely that 
the morphologic changes were secondary to cell 
Tixf'entiatlon or a toxic effect of hOP-1. Moreover, 
the OP-l-induced morphogenesis does not inhibit cell 
Svision, as determined by 'n-thymidine uptake, unlike 
15 other molecules which have been shown to 

differentiation of transformed cells such « ™£» te ' 
DMSO, retanoic acid or Forskolin. The ^" indicate 
that OP-1 can maintain cell stability <^ labil £* 
after inducing redif ferentiation. In addition, the 
effaces are morphogen specific, and redif ferentiation 
is not induced when HG108-15 cells are incubated with 
0.1-40 ng/ml TGF-p. 

The experiments also have been performed with 
highly purified soluble morphogen (e.g., mature OP 1 
associated with its pro domain) which also specifically 
induced redif ferentiation of NG108-15 cells. 

The morphogens described herein accordingly provide 
useful therapeutic agents for the treatment of 
neoplasias and neoplastic lesions of the nervous 
system, particularly in the treatment of 
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neuroblastomas, including retinoblastomas, and gliomas. 
The morphogens themselves may be administered or, 
luernalvlly, a morphogen-stimulating agent may be 
administered. 

txmple 5 . iaug Prtrtlm, from Chemical 

Trauma 

The ability of the morphogens described herein to 

STSLS. "St * -Phogens will be useful as 
tterapeutic agents to maintain neural pathways by 
5 oroteoting the cells defining the pathway from the 
C!of caused by chemical trauma, m particular, the 
r^genTcan protect neurons, including developing 
lurons, from the effects of toxins known toinhib lt 
the proliferation and migration of neuron and to 
20 interfere with cell-cell adhesion. Examples of such 
ZZs include ethanol, one or more of the toxins 
oresent in cigarette smoke, and a variety of opiates. 
C 'xic effects of ethanol on developing neurons 
Sices the neurological damage manifested in fetal 
25 alcohol syndrome. The morphogens also may protect 
neurons from the cytoxic effects associated with 
excitatory amino acids such as glutamate. 

For example, ethanol inhibits the 
30 adhesion ^.^J^ZZZZZZZ^. 

with 5-10 m ethanol, the concentration of blood 
^hol in an adult ^ «- 
35 alcoholic beverage. Ethanol HKeiy ^ 
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>,™nnnhilic binding of CAMS between cells, rather than 
SSfEEJES. Is morphogen-induced N-CAM levels ere 
^L«d by ethanol. Moreover, the inn^ry *«ect 
L inversely proportional to morphogen concentration. 
5 ^cordinglyl it is envisioned that -*»*^^ ' 
™,r»hoaen or morphogen-stimuleting agent to neurons, 
"rtSrly developing neurons, at risK of damage from 
Sposure to toxins such as ethancl, .ay protect these 
cells from nerve tissue damage by overcoming the 
L0 toxin' o inhibitory effects. The morphogens d««M 
herein also are useful in therapies to treat damaged 

Herein aisu neuropathy induced by 

neural pathways resulting from a neuropil 
exposure to these toxins. 

" Example 6. u ^naen-Indu —* CAM Expression 

The morphogens described herein induce CAM 
expression, particularly B-CAM expression, as part of 
20 their induction of morphogenesis, cams ere 

morpboregulatory molecules identified in all tissues as 
Inessential step in tissue development. N-CAMs, which 
ZZZe at least 3 isoforms (K-CAM-180, N-CAM- 1 4 0 and 
H-cL-120, where "180", "140" and "120" indicate the 
25 apparent molecular weights of the isoforms as. mea, ,ured 
by polyacrylamide gel electrophoresis) are expressed at 
least transiently in developing tissues, and 
Permanently in nerve tissue. Both the N-CAM-180 and K- 
£^40 isoforms are expressed in both developing and 
30 adult tissue. The M-CAM-120 isoform is found only in 
adult tissue. Another neural CAM is LI. 

N-CAMs are implicated in appropriate neural 
- development, including appropriate nuerulation, 
35 neuronal migration, fasciculation, and synaptogenesis. 
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inhibition of N-CAM production, as by coraplexing the 
molecule with an N-CAM- specif ic antibody, inhibits 
retina organization, including retinal axon migration, 
and axon regeneration in the peripheral nervous system, 
as well as axon synapsis with target muscle cells. In 
addition, significant evidence indicates that physxcal 
or chemical trauma to neurons, oncogenic transformation 
and some genetic neurological disorders are accompanied 
by changes in CAM expression, which alter the adhesive 
or migratory behavior of these cells. Specifically, 
increased N-CAM levels are reported in Huntington's 
disease striatum (e.g., striatal basal ganglia), and 
decreased adhesion is noted in Alzheimer's disease. 

The morphogens described herein can stimulate CAM 
production, particularly LI and N-CAM production, 
including all three isoforms of the N-CAM molecule. 
For example, N-CAM expression is stimulated 
significantly in morphogen-treated NG108-15 cells. 

i untreated NG108-15 cells exhibit a fibroblastic, or 
minimally differentiated morphology and express only 
the 180 and 140 isoforms of N-CAM normally associated 
with a developing cell. Following morphogen treatment 
these cells exhibit a morphology characteristic of 

> adult neurons and express enhanced levels of all three 
N-CAM isoforms. Using a similar protocol as described 
in the example below, morphogen treatment of NG108-15 
cells also induced LI expression. 

0 In this example NG108-15 cells were cultured for 

4 days in the presence of increasing concentrations of 
OP-1 and standard Western blots performed on whole 
cells extracts. N-CAM isoforms were detected with an 
antibody which crossreacts with all three isoforms, 

5 mAb H28.123, obtained from Sigma Chemical Co., 
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St Louis, the different isoforms being distinguishable 
by' their different mobilities on en electrophoresis 
Zu Control NG108-15 oells (untreated, express both 
L 140 W>a and the 180 kDa isoforms, but not the 120 
5 ma as determined by western blot analyses using up to 
Z\, of Protein. Treatment of HG108-15 oells with 
OF-1 resulted in a dose-dependent inorease in the 
session of the !00 kDa and 140 Kb. isoforms as well 
B8 the induotion of the 120 kDa isoform. See Fig. 2A 
10 end 2D. Fig. 2B is e Western blot of OPl-treated 
So.-« oell extracts, probed with m*b B28.123, 
showing the induction of all three isoforms. Fig. 2A 
iH^ose response curve of H-CAM-180 and H-CAM-140 
induction as a function of morphogen 
15 CAM-120 is not shown in the graph as it could not be 
ouantitated in control cells. However, as is ^«rly 
TZLt from the Vestem blot in Fig. 2A, a-CAM-120 is 
induced in response to morphogen t™atment. «» 
di «erential induction of N-CAM 180 and 140 isoforms 
20 seen may be because constitutive expression of the 140 
isoform is close to maximum. 

The increase in N-CSM expression corresponded in a 
dose-dependent manner with the morphogen induction of 
Tlticellular aggregates. Compare Fig. 2A and Fig 3. 
Fig. 3 graphs the mean number of multilayered 
aggregates (clumps, counted per 20 randomly selected 
fields in 6 independent experiments, versus the 
concentration of morphogen. The induction of the 120 
isoform also indicates that morphogen-induced 
^differentiation of transformed cells stimulates not 
only redifferentiation of these cells from a 
transformed phenotype, but also differentiat ion to a 
phenotype corresponding to a developed cell. Standard 
35 Luunolocelixation studies performed with the mAb 
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H28.123 on morphogen-treated cells show N-CAM cluster 
formation associated with the periphery and processes 
of treated cells and no reactivity with untreated 
cells. Moreover, morphogen treatment does not appear 
5 to inhibit cell division as determined by cell counting 
or 3 H- thymidine uptake. Finally, known chemical 
differentiating agents, such as Forskolin and 
dimethylsulf oxide do not induce N-CAM production. 

10 In addition, the cell aggregation effects of OP-1 

on NG108-15 cells can be inhibited with anti-N-CAM 
antibodies or antisense N-CAM oligonucleotides. 
Antisense oligonucleotides can be made synthetically on 
a nucleotide synthesizer, using standard means known in 

15 the art. Preferably, phosphorothioate oligonucleotides 
(»S-oligos M ) are prepared, to enhance transport of the 
nucleotides across cell membranes. Concentrations of 
both N-CAM antibodies and N-CAM antisense 
oliognucleotides sufficient to inhibit N-CAM induction 

20 also inhibited formation of multilayered cell 

aggregates. Specifically, incubation of morphogen- 
treated NG108-115 cells with 0.3-3 j/M N-CAM antisense 
S-oligos, 5-500 phi unmodified N-CAM antisense oligos, 
or 10 pg/ml mAb H28.123 significantly inhibits cell 

25 aggregation. It is likely that morphogen treatment 
also stimulates other CAMs, as inhibition is not 
complete . 

The experiments also have been performed with 
30 soluble morphogen (e.g., mature OP-1 associated with 
its pro domain) which also specifically induced CAM 
expression. 
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The morphogens described herein are useful as 
therapeutic agents to treat neurological disorders 
associated with altered CAM levels, particularly N-CAM 
levels, such as Huntington's chorea and Alzheimer s' 
5 disease, and the like, in clinical applications, the 
morphogens themselves may be administered or, 
alternatively, a morphogen-stimulating agent may be 
administered. 

10 The efficacy of the morphogens described herein to 

affect N-CAM expression may be assessed in vitro using 
a suitable cell line and the methods described herein. 
In addition to a transformed cell line, N-CAM 
expression can be assayed in a primary cell culture of 

15 neural or glial cells, following the procedures 

described herein. The efficacy of morphogen treatment 
on N-CAM expression in vivo may be evaluated by tissue 
biopsy as described in Example 9, below, and detecting 
N-CAM molecules with an N-CAM-specif ic antibody, such 

20 as mAb H2B.123, or using the animal model described in 
Example 11. 

Alternatively, the level of N-CAM proteins or 
protein fragments present in cerebrospinal fluid or 

25 serum also may be detected to evaluate the effect of 
morphogen treatment. N-CAM molecules are known to 
slough off cell surfaces and have been detected in both 
serum and cerebrospinal fluid. In addition, altered 
levels of the soluble form of N-CAM are associated with 

30 normal pressure hydrocephalus and type II 

schizophrenia. N-CAM fluid levels may be detected 
following the procedure described in Example 9 and 
using an N-CAM specific antibody, such as mAb H28.123. 
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Example 7. ^Hnn^-lnducPrl Wnnre Gap Repair (PNS L 

The morphogens described herein also stimulate 
peripheral nervous system axonal growth over extended 
distances allowing repair and regeneration of damaged 
neural pathways. While neurons of the Peripheral 
nervous system can sprout new processes following 
iniury without guidance these sproutxngs typxcally 
fain; connect appropriately and die. Where the brea* 
is extensive, e.g., greater than 5 or 10 mm, 
regeneration is poor or nonexistent. 

in this example morphogen stimulation of nerve 
regeneration was assessed using the rat sciatxc nerve 
model. The rat sciatic nerve can regenerate 
spontaneously across a 5 mm gap, and occasionally 
a «oss a 10 mm gap, provided that the severed ends are 
Inserted in a saline-filled nerve guidance channel, in 
this experiment, nerve regeneration across a 12mm gap 
l was tested. 

Adult female Sprague-Dawley rats (Charles River 
Laboratories, Inc.) weighing 230-250 g were 
anesthetized with intraperitoneal injections of sodxum 
5 pentobarbital 35 mg/kg body weight). A sKin xncx sxon 
was made parallel and just posterior to the femur The 
avascular intermuscular plane between vastus lateralis 
and hamstring muscles were entered and followed to the 
loose fibroareolar tissue surrounding ^ e scxatxc 
0 nerve. The loose tissue was divided longxtudxnally 
tnlreby freeing the sciatic nerve over its full extent 
without devascularizing any portion. Under a surgxcal 
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microscope the sciatic nerves were trensected with 
Microscissors et mid-thigh end grafted with an OP-1 gel 
graft that separated the nerve stumps by 12 mm. The 
graft region was encased in a silicone tube 20 mm in 
f !th with a 1.5 mm inner diameter.the interior of 
^r^liUed a morphogen solution. Specirically, 
InT L«*ral 12 mm of the tube consisted of an OP-1 gel 

Vt mL"g 1 to 5 „g of substantially pure CHO- 
prepared by mx«ng 1 to ,9 appro3cimate iy 100 „1 of 

Research, Inc., Bedford, 
extracellular matrix ..tract derived from mouse 
""I' tissue , and containing solubilised tissue 
reTnt^rlne, including laminin type XV collagen, 
aeparin sulfate, proteoglycan ^ „„ 

' ri^rrrriy " defect showing . mm 

^tech end to insert the nerve stumps. Bach stump was 
abutted against the OP-1 gel and was secured in the 
silicone tube by three stitches of commercially 

0 Mailable surgical 10-0 nylon through the epineurium, 
the fascicle protective sheath. 

I„ addition to OP-1 gel grafts, empty silicone 
tubes silicone tubes filled with gel only and 

■5 Averse" autografts, wherein 12 mm transected segments 
.rcne anill's sciatic nerve were rotated 180- prior 
to during, were grafted as controls. All experiments 
^performed in guadruplicate. ^^^days. 
closed by wound clips that were removed 

30 Ml rats were grafted on both legs. At 3 weeks the 
animals were sacrificed, and the grafted segments 
removed and frozen on dry ice Mediately. Proxen 
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then were cut throughout the graft site, and 

staining using anti-neurof ilament antibodies labeled 
wtr^rccein (obtained from Sigma Chemical Co., 
5 St. Louis). 

Regeneration of the sciatic nerve occnrred across 
the eSre 12 mm distance in all graft sites wherem 
can was filled with the OJ-1 gel. By contrast, 
X0 »pt silicone tubes and reverse autografts d d not 
Z, nerve regeneration, and only one graft sit. 
containing the gel alone showed axon regeneration. 

15 Examples. Morgjo aes^Iaduoed g£gS BSE ISS2U ( CHS » 

allowing axonal damage in vivo the CHS neurons are 

vJZ to resprout proc Accordingly, trauma to 

CHS nerve tissue, including the spmal cord, optic 
„ ^rve and retina, severely damage* - or ".troys £e 

gr^ir uTedT Insert "'bypass - 
rnal'damage. ^^^Z^^^ 

S^=^a^:,Trrr^ 

^s, Wilmington, », are -sthes sed 
standard surgical procedures, and the optic nerve 
35 crushed by pulling the eye gently out of the orbit. 
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inserting a watchmaker forceps behind the eyeball and 
saueezing the optic nerve with the forceps for 
15 seconds, followed by a 30 second interval and second 
J! : e e°cond sgueeze. Rats are sacrificed at di fere nt 

oTo uic n^e "pair can b seed by 

experiment in duplicate and providing morphogen or PBS 
,e 25 Ml solution, and 25 m morphogen) to the 
10 optic nerve, e.g.. Just prior to the operation, 

concomitant with the operation, or at specific times 
after the operation. 

in the absence of therapy, the surgery induces 
glial scarring of the crushed nerve, as determined by 
CLfluoresL. staining for glial fib rillery acidic 
protein (GPA) , a marker protein for glial scarring, and 
i, histology, "direct immunofluoresence on air-dr ed 
cryostat sections as described in Bignami et al. (1974, 
.T . Porno* Meur. 153. 27-38, using commercially 
Mailable antib odies to GFA (e.g., Sigma Chemical Co., 
St. Louis ). Reduced levels of GFA are anticipated in 
animals treated with the morphogen, evidencing the 
££!ty of morphogens to inhibit glial scar formation 
25 and to stimulate optic nerve regeneration. 

Example 9. Tissue n< agnostics 

«orpbogen localisation in nerve tissue can be used 
30 as part of a method for diagnosing a neurological 

disorder or neuropathy. The method may be particularly 
advantageous for diagnosing neuropathies o brain 
tissue, specifically, a biopsy of brain tissue is 
performed on a patient at risk, using standard 
35 procedures known in the medical art. Morphogen 
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expression associated with the biopsied tissue then is 
assessed using standard methodologies, as by 

tissue under conditions sufficient to allow specific 
10 antigen-antibody complex for^tion. The presence and 
quantity of complex formed then is detected and 
Spared with a predetermined standard or reference 
value. Detection of altered levels of morphogen 
Iresent in the tissue then may be used as an indicator 
15 of tissue dysfunction. Alternatively, fluctuation in 
morphogen levels may be assessed by monitoring 
"rphogen transcription levels, either by standard 
"extern blot analysis or in situ hybridisation, using 
a labelled probe capable of hybridising specifically to 
20 morphogen RNA and standard RSA hybridisation protocols 
well described in the art. 

Fluctuations in morphogen levels present in the 
cerebrospinal fluid or bloodstream also may be used to 

25 evaluate nerve tissue viability. For example, 

morphogens are detected associated with adendema cells 
which are Known to secrete factors into the 
cerebrospinal fluid, and are localized generally 
associated with glial cells, and in the extracellular 

30 matrix, but not with neuronal cell bodies. 
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the contents of dying cells. 

Spinal fluid may be obtained from an individual by 
a standard lumbar puncture, using standard 

^sS" blot (i^anoblot), ELISA or RIA procedures 

° rit^oXen-speoifio antibody, and allied « 
Zi*** of . seoond *orpho g e„-spec«.= anybody 

thM nay be detected usin9 

standard procedures. 

Alternatively, a morphogen-specif ic affinity column 
£ created using, for example, morphogen-specxf xc 
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empirically by determining appropriate binding and 
elution conditions first with a control (e.g., 
purified/ recombinantly-produced morphogen. ) Fractions 
then are tested for the presence of the morphogen by 
standard immunoblot, and confirmed by N-terminal 
sequencing. Morphogen concentrations in serum or other 
fluid samples then may be determined using standard 
portein quantification techniques, including by 
spectrophotometric absorbance or by quantitation by 
ELISA or RIA antibody assays. Using this procedure, 
OP-1 has been identified in serum. 

OP-1 was detected in human serum using the 
following assay. A monoclonal antibody raised against 
mammalian, recombinant^ produced OP-1 using standard 
immunology techniques well described in the art and 
described generally in Example 13, was immobilized by 
passing the antibody over an activated agarose gel 
(e.g., Affi-Gel*\ f r P m Bio-Rad Laboratories, Richmond, 
, ca] prepared following manufacturer's instructions), 
and used to purify OP-1 from serum. Human serum then 
was passed over the column and eluted with 3M 
K-thiocyanate. K-thiocyanante fractions then were 
dialyzed in 6M urea, 20mM P0 4 , P H 7.0, applied to a C8 
5 HPLC column, and eluted with a 20 minute, 25-50% 

acetonitrile/0.1% TFA gradient. Mature, recombinants 
produced OP-1 homodimers elute between 20-22 minutes. 
Fractions then were collected and tested for the 
presence of OP-1 by standard immunoblot. Fig. 4 is an 
0 immunoblot showing OP-1 in human sera under reducing 
and oxidized conditions. In the figure, lanes 1 and 4 
are OP-1 standards, run under oxidized (lane 1) and 
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reduced (lane 4) conditions. Lane 5 shows molecular 
weight markers at 17 , 27 and 39 kDa. Lanes 2 and 3 are 
human sera OP-1, run under oxidized (lane 2) and 
reduced (lane 3) conditions. 

5 

Morphogens may be used in diagnostic applications 
by comparing the quantity of morphogen present in a 
body fluid sample with a predetermined reference value, 
with fluctuations in fluid morphogen levels indicating 

10 a change in the status of nerve tissue. Alternatively, 
fluctuations in the level of endogenous morphogen 
antibodies may be detected by this method, most likely 
in serum, using an antibody or other binding protein 
capable of interacting specifically with the endogenous 

15 morphogen antibody. Detected fluctuations in the 
levels of the endogenous antibody may be used as 
indicators of a change in tissue status. 

20 Example 10. Alleviation of Immune Resp onse-Mediated 
Kerve Tissue Damage 

The morphogens described herein may be used to 
alleviate immunological ly-related damage to nerve 

25 tissue. Details of this damage and the use of 

morphogens to alleviate this injury are disclosed in 
international application US92/07358 (WO93/04692 ) . A 
primary source of such damage to nerve tissue follows 
hypoxia or ischemia- reper fusion of a blood supply to a 

30 neural pathway, such as may result from an embolic 

stroke, or may be induced during a surgical procedure. 
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As described in international application US92/07358 
(WO93/04692), morphogens have been shown to alleviate 
damage to myocardial tissue following ischemia- 
reperfusion of the blood supply to the tissue. The 
effect of morphogens on alleviating immunological ly- 
related damage to nerve tissue may be assessed using 
methodologies and models known to those skilled in the 
art and described below. 

For example, the rabbit embolic stroke model 
provides a useful method for assessing the effect of 
morphogens on tissue injury following cerebral 
ischemia-reperfusion. The protocol disclosed below is 
essentially that of Phillips et al. (1989) 
. eurologv 25:281-285, the disclosure of which is herein 
ncorporated by reference. Briefly, white New England 
abbits (2-3kg) are anesthetized and placed on a 
respirator. The intracranial circulation then is 
selectively catheterized by the Seldinger technique. 
) Baseline cerebral angiography then is performed, 
employing a digital substration unit. The distal 
internal carotid artery or its branches then is 
selectively embolized with 0.035 ml of 18-hour-aged 
autologous thrombus. Arterial occlusion is documented 
5 by repeat angiography immediately after embolization 
After a time sufficient to induce cerebral infarcts (15 
minutes or 90 minutes), reperfusion is induced by 
administering a bolus of a reperfusion agent such as 
the TPA analogue FB-FB-CF (e.g., 0.8 mg/kg over 2 



30 minutes). 



35 



The effect of morphogen on cerebral infarcts can be 
assessed by administering varying concentrations of 
morphogens, e.g., OP-1, at different times following 
embolization and/or reperfusion. The rabbits are 
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sacrificed 3-14 days post embolization and their brains 
prepared for neuropathological examination by fixing by 
immersion in 10% neutral buffered formation for at 
least 2 weeks. The brains then are sectioned in a 
coronal plane at 2-3 mm intervals, numbered and 
submitted for standard histological processing in 
paraffin, and the degree of nerve tissue necrosis 
determined visually. Morphogen-treated animals are 
anticipated to reduce or significantly inhibit nerve 
tissue necrosis following cerebral ischemia-reper f us ion 
in the test animals as determined by histology 
comparison with nontreated animals. 

Example 11. Animal Model for Ass essing Morphogen 
Efficacy In Vivo 

The in vivo activities of the morphogens described 
herein also are assessed readily in an animal model as 
described herein. A suitable animal, preferably 
exhibiting nerve tissue damage, for example, 
genetically or environmentally induced, is injected 
intracerebral^ with an effective amount of a morphogen 
in a suitable therapeutic formulation, such as 
phosphate-buffered saline, pH 7. The morphogen 
preferably is injected within the area of the affected 
neurons. The affected tissue is excised at a 
subsequent time point and the tissue evaluated 
morphologically and/or by evaluation of an appropriate 
biochemical marker (e.g., by morphogen or N-CAM 
i localization; or by measuring the dose-dependent effect 
on a biochemical marker for CNS neurotrophic activity 
or for CNS tissue damage, using for example, glial 
fibrillary acidic protein as the marker. The dosage 
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and incubation time will vary with the animal to be 
tested. Suitable dosage ranges for different species 
may be determined by comparison with established animal 
models. Presented below is an exemplary protocol for 
a rat brain stab model. 

Briefly, male Long Evans rats, obtained from 
standard commercial sources, are anesthesized and the 
head area prepared for surgery. The calvariae is 
exposed using standard surgical procedures and a hole 
drilled toward the center of each lobe using a 0.035K 
wire, just piercing the calvariae. 25/j1 solutions 
containing either morphogen (e.g., OP-1, 25pg) or PBS 
then is provided to each of the holes by Hamilton 
syringe. Solutions are delivered to a depth 
approximately 3 mm below the surface, into the 
underlying cortex, corpus callosum and hippocampus. 
The skin then is sutured and the animal allowed to 
recover. 

Three days post surgery, rats are sacrificed by 
decapitation and their brains processed for sectioning. 
Scar tissue formation is evaluated by immunof luoresence 
staining for glial fibrillary acidic protein, a marker 

i protein for glial scarring, to qualitatively determine 
the degree of scar formation. Glial fibrillary acidic 
protein antibodies are available commercially, e.g., 
from Sigma Chemical Co., St. Louis, MO. Sections also 
are probed with anti-OP-1 antibodies to determine the 

) presence of OP-1. Reduced levels of glial fibrillary 
acidic protein are anticipated in the tissue sections 
of animals treated with the morphogen, evidencing the 
ability of morphogens to inhibit glial scar formation 
and stimulate nerve regeneration. 
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Example 12. T n Vitro Model fnr Evaluating Morphogen 
S pecies Transp ort Across the Blood-Brain 
Barrier . 

Described below is an in vitro method for 
evaluating the facility with which selected morphogen 
species likely will pass across the blood-bram 
barrier. A detailed description of the model and 
protocol are provided by Audus et al. (1987) Ann. N.Y, 
Acad. Sci. 507:9-18, the disclosure of which is 
incorporated herein by reference. 

Briefly, microvessel endothelial cells are isolated 
from the cerebral gray matter of fresh bovine brains. 
Brains are obtained from a local slaughter house and 
transported to the laboratory in ice cold minimum 
essential medium (MEM) with antibiotics. Under sterile 
conditions the large surface blood vessels and meninges 
are removed using standard dissection procedures. The 
) cortical gray matter is removed by aspiration, then 
minced into cubes of about 1mm. The minced gray matter 
then is incubated with 0.5% dispase (BMB, Indianapolis, 
IN) for 3 hours at 37" C in a shaking water bath. 
Following the 3 hour digestion, the mixture is 
5 concentrated by centrifugation (1000 x g for 10 min.,, 
then resuspended in 13% dextran and centrifuged for 
10 min. at 5800 x g. Supernatant fat, cell debris and 
myelin are discarded and the crude microvessel pellet 
resuspended in 1 mg/ml collagenase/dispase and 
0 incubated in a shaking water bath for 5 hours at 37 C 
After the 5-hour digestion, the microvessel suspension 
is applied to a pre-established 50% Percoll gradient 
and centrifuged for 10 min at 1000 x g. The band 
containing purified endothelial cells (second band from 
)5 the top of the gradient) is removed and washed two 
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times with culture medium (e.g., 50% MEM/50% F- 12 
nutrient mix).: The cells are frozen ( -BO- O in 
medium containing 20% DMSO and 10% horse serum for 
later use. 

After isolation, approximately 5 x 10 5 cells/cm 2 
are plated on culture dishes or 5-12 mp pore size 
I lycarbonate filters that are coated with rat collagen 
and fibronectin. 10-12 days after seedxng the cells, 
cell monolayers are inspected for confluency by 
microscopy. 

Characterization of the morphological, 
nistochemical and biochemical properties of 
has shown that these cells possess many of the salient 
features of the blood-brain barrier. These features 
include: tight intercellular junctions, lack of 
membrane fenestrations, low levels of pxnocytotxc 
activity, and the presence of ^-glutamyl 
transpeptidase, alkaline phosphatase, and Factor VIII 
antigen activities. 

The cultured cells can be used in a wide variety of 
experiments where a model for polarized binding or 
transport is required. By plating the cells in 
multi-well plates, receptor and non-receptor bxndxng of 
both large and small molecules can be conducted. In 
order to conduct trans endothelial cell flux 
measurements, the cells are grown on porous 
polycarbonate membrane filters (e.g., *™ f^*^. 
Pleasanton, CA) . Large pore size filters (5-12 «,) are 
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used to avoid the possibility o th fx ter becomxng 
toe rate-limiting barrier to molecular flux. The a 
of these large-pore filters does not permxt cell growt 
under the filter and allows visual inspectxon of the 
cell monolayer. 

Once the oells reach confluency, they are placed in 
» side-by-side diffusion cell apparatus {e.g., from 
a siae ny measurements. 
Crown Glass, Sommervxlle, HJ) . *or flur m 

donor chamber of the diffusion cell xs pulsed wxtn 
f test substance, then at various times allowing the 
p„Ue! an aliguot is removed from the recexve, ^chamber 
for analysis. Radioactive or fluorescently-labelled 
su^ces permit reliable guantitation -olecular 
, ftar. Monolayer integrity is simultaneously measured 
£ the addition of a non-transportable test substance 
such as sucrose or inulin and replxcates of at least 
determinations are measured in order to ensure 
statistical significance. 
° ^.mnle 13. jug ^sev f" Candidate r.omoounds 

Candidate compound^) which may be administered to 
„ .« e ct the level of a given morphogen may be found 
" a in, the following screening assay, in which the evel 
of morphogen production by a cell type 
measurable levels of the morphogen xs de "»xned wxth 
and without incubating the cell in th6 
30 compound, in order to assess the effects of the 
compound on the cell. This can be accomplished by 
detection of the morphogen either at the protexn or FN* 
level. A more detailed description also may be found 
international application US92/073S, (WO92/05X72 , . 
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13.1 Growth of Cells in Culture 

brain, or other organs, may be P"P may be 

5 widely in the literature, ror ' 

or adult 

rodents (mouse or ret) ana u tissue 

Wh016 M '"tteonsS c nines! ^derived from 
cultures and establxsnea ma mmary, or 

other tissues may be estao x cell cu iture 

Ml1 " 21 ^rSeTin the ehsence or presence 
techniques, end ere cul ™". . cells may be 

of ser um for e period of «-( Eagle 
15 cultured, for erample, in Du ^ serum (e.g., 

^ium (Gibco, long Island. «)» seruB _ ae prived 

"a! Tested! or in defined'medium 
rowing insu"', transferrin, glucose, albumin, or 
20 other growth factors). 

Samples for testing the level of morphogen 
^ion include* ^J^Z^ ^ 
lysates, collected (Samb roo^ et al., 

25 production by immunoblot Harbor 
Li. 1989, Molecular Cloning, Cold spring 

f r ;;. Td; ^ — ?>• r r ;xi y n ^ « 

cell culture itself, ""^1^ To monitor de 
PrSPar : r synUsl. °sorcui a tures 5 are labeled 
30 Sorfing ^-r- bours and 

-^^^^^•^ 

immunoprecipitation methods. 
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13.2 Determination of Level of Monogenic Protein 

in order to quantitate the production of a 
monogenic protein by a cell type, an 
performed to detect the morphogen using • P^T"*™ 1 
or monoclonal antibody specific for that protean. For 
example, OP-1 may be detected using a P^-f 
antibody specific for OP-1 in an ELISA, as follows. 

1 „g/100 ,.1 of affinity-purified polyclonal rabbit 
196 specific for OP-1 is added to each well of a 
9o-well plate and incubated at 37-C for an hour. The 
112 J washed four times with 0.167H sodium borate 
Wfer with 0.15 M NaCl (BSB), PH 8.2, containing 0.1% 
Tween 20 To minimize non-specific binding, the wells 
Ze blocked by filling completely with 1* bovine serum 
albumin (BSA) in BSB and incubating for 1 hour at C. 
The wells are then washed four times with BSB 
containing 0.1% Tween 20. A 100 ,1 aliguot of an 
, appropriate dilution of each of the test samples of 
cell culture supernatant is added to each «H » 
triplicate and incubated at 37-C for 30 min. After 
libation, 100 pi biotinylated "bbit anti-OP- serum 
(stock solution is about 1 mg/-l and diluted 1.400 in 
BSB containing 1% BSA before use) is added to each well 
and incubated at 37-C for 30 min. The wells are then 
washed four times with BSB containing 0.!% Tween 20. 
100 pi strepavidin-alkaline (Southern Biotechnology 
r S oci.tes, P Inc. Birmingham, Alabama, dil U2000 in 
BSB containing 0.1% Tween 20 before use) is •«•»*• 
each well and incubated at 37-C for 30 mm. The plates 
tre washed four times with 0.5M Tris buffered Saline 
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(IBS) PH 7.2. 50„1 substrate (ELISA amplification 
System Kit, Life Technologies, Inc., Bethesda, HP) xs 
aud^to each well incnbated at room temperature for 15 
Bin. Then, 50 „1 amplifier (from the same 
5 amplification system kit, is added and xncubated tor 
another 15 min at room temperature. The reaction xs 
stopped by the addition or 50 pi 0.3 « sulphuric acid. 
The OD at 490 n» of the solution in each well xs 
recorded. To guantitate OP-1 in culture medxa, a OP-1 
10 standard curve is performed in parallel wxth the test 
samples. 

Polyclonal antibody may be prepared as f°li°«=- 
Each rabbit is given a primary immunisation of 100 
15 u 9 /500 ,1 *■ coli Produced OP-1 monomer (amxno acxds 
3«-431 in SEQ ID HO.S, in 0.1% SOS mxred wxth 50 M 
complete Preund-s Adjuvant. The antigen xs injected 
spontaneously at multiple sites on the back and flanks 
of the animal. The rabbit is boosted after a month xn 

20 the same manner using incomplete Preund-s ^uvant. 
Test bleeds are taken from the ear vein seven days 
later. Two additional boosts and test bleeds are 
performed at monthly intervals until antibody agaxnst 
OP-1 is detected in the serum using an ELISA assay. 

25 Then, the rabbit is boosted monthly with 100 „g of 
antigen and bled (15 ml per bleed, at days seven and 
ten after boosting. 

Monoclonal antibody specific for a given morphogen 
30 may be prepared as follows. A mouse is given two 

injections of E. coli produced OP-1 monomer. The first 
injection contains 100„g of OP-1 in complete Preund-s 
adjuvant and is given subcutaneonsly. The second 
Section contains 50 „ of OP-1 in incomplete ad,uvant 
35 and is given intraperitoneal^. The mouse then 
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. total of 230 ,g of OP-1 (amino acids 307-431 

c^ri^ 

„,„ wit h SMCC crosslmking agent, 
albumin wltb SMC ^ three days 

* i r ^l Prior to fusion. The mouse 
£ £11 Leo to myelome (e.g., 6S1, 
" P ir.rt r."o of 1.1 using PEG 1500 (Boeringer 
2 «. «U fusion is pletea 

5 r !— ^ tfste^a ptoceau.es -.U -sc^ in 
stenaera texts wiaely available m the art. 

The invention may be emboaiea in other specific 

therefore to be considered in all respects as 

25 than by the foregoing Oescrxptxon, ena ell 0 9 
rtTa^ SrSTiTJS be elbracea 
therein. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) ilfSS: CREATIVE BIOHOLECULES, INC. 
B STREET: 35 SOOTH STREET 
(C) CITY: HOPKINTON 
(D STATE: HASSACHOSETTS 

5S pSS Y CoS| A (ZIP): 01748 
G ShONE: 1-508-435-9001 
(H) TELEFAX: 1-508-435-0454 
,c (I) TELEX: 

(U) TITLE 0, INVENTION, MOEPHOGBN-INDDCED NERVE REGENERATION AND 

V REPAIR 



' REPAIR 
(iii) NOHBER OF SEQUENCES: 



25 



W C ?If SSSS.'SSiE BIOHOLECULES, INC. 
I STREET: 35 SOUTH STREET 
In CITY: HOPKINTON 
(D) STATE: MASSACHUSETTS 
)v\ rnmiTRY: USA 



iu) j>j.iiAHi """" — 

(E) COUNTRY: USA 

(F) ZIP: 01748 



■,0 ( V ) COMPUTER READABLE FORM: 

30 1 ' (A) MEDIUM TYPE: Floppy disk 

40 TELECOMMUNICATION INFORMATION: 

(ix) TELECOMBUNl^ Ej 617/248 . 7000 

( (B) TELEFAX: 617/248-7100 



45 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 97 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: protein 
iU) TSfSil/m. Protein 

S)S, fi *. DERIVATIVE THEREOF." 

SEQUENCE DESCRIPTION t SEQ ID NO.ls 
Xaa X» I" Xaa Xaa Xaa Xaa Xaa Xaa Xaa laa Xaa Xaa Xaa Xaa Xaa 

La Xaa Xaa Xaa Xaa Xaa laa laa Cya Xaa Xaa Eaa Cya |aa Eaa Eaa 
20 

Xaa Xaa Eaa Eaa Xaa Xaa Xaa Xaa Eaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

Xaa Xaa 1 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cs Cya Xaa Xaa 

xaa L Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Eaa Xaa Xaa Xaa Xaa 

1 Xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Cya 
85 

Xaa 



20 



30 



35 



(2) INFORMATION FOR SEQ ID NO: 2: 
m SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 97 amino acids 
40 (B) TYPE: amino acid 

40 ( C ) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

45 
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(ix) FEATURE: 

1 (A) NAME/KEY: Protein 

IHdS, OR A DERIVATIVE THEREOF." 

10 (Xi) SEQUENCE DESCRIPTION* SEQ ID H0.2. 

X. lia Xaa Xaa Xaa Xaa Xaa Ea. Xaa X- Xaa Xaa Xaa X. laa Xaa 



Xia xaa laa laa Xaa laa Xaa Xaa Cys laa Eaa Xaa Cys Xaa Xaa Eaa 
20 

Xaa Xaa Eaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Eaa Xaa Xaa Xaa 



35 



Xaa Xaa Xaa Xa. Eaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Cys Xaa Xaa 



50 



Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Eaa Xaa Xaa Xaa Xaa Xaa Eaa 



65 

- V»-» Yaa Xaa. 

85 

laa 



Xaa Eaa Eaa xaa Xaa Xaa Xaa Xaa Xaa Eaa Xaa Eaa Xaa Cys Xaa Cys 



(2) INFORMATION FOR SEQ ID NO. 3: 
« (i ) SEQUENCE CHARACTERISTICS: 

^ (A) LENGTH: 97 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



40 



fix) FEATURE: 
45 1 ' (A) NAME/KEY: Protein 

W (B LOCATION: 1..97 



50 



$ 0™FO™= 2^«g«gS&«K SELECTED 
ftSSI 35FS ««5oS WOOD AMINO ACIDS 
iTDErraED IN THE SPECIFICATION. 
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(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 3: 

Leu Tyr Val Xaa Phe Xaa Xaa Xaa Gly Trp Xaa Xaa Trp Xaa Xaa Ala 

Pro Xaa Gly Xaa Xaa Ala Xaa Tyr Cys Xaa Gly Xaa Cys Xaa Xaa Pro 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asn His Ala Xaa Xaa Xaa Xaa Leu 

35 40 * J 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Cys Xaa Pro 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa Xaa Xaa 



70 75 

, Xaa Xaa Xaa Met Xaa 

85 9° 



Val Xaa Leu Xaa Xaa Xaa Xaa Xaa Met Xaa Val Xaa Xaa Cys Gly Cys 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

35 (ix) FEATURE: 

(A) NAME/KEY: Protein 

m] MISINFORMATION: /label- GENERIC-SEQ4 
(U) aL^-p. "OHEREIN EACH XAA IS INDEPENDENTLY SELECTED 
{££1 cSuf OF ONE OR MORE SPECIFIED AMINO ACIDS 
40 AS DEFINED IN THE SPECIFICATION." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
45 Cys Xaa Xaa Xaa Xaa Leu Tyr Val Xaa Phe Xaa Xaa Xaa Gly Trp Xaa 

1 5 10 

Xaa Trp Xaa Xaa Ala Pro Xaa Gly Xaa Xaa Ala Xaa Tyr Cys Xaa Gly 
50 20 25 
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Xaa Cys Xaa Xaa Pro Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asn His Ala 

Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

50 5> 
Xaa Cys Cys Xaa Fro Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Uu Xaa Xaa 



65 



10 xaa X.a Xaa Xaa Xaa Val Xaa Leu Xaa Xaa Xaa Xaa Xaa Her Xaa Val 



15 



85 

Xaa Xaa Cys Gly Cys Xaa 
100 

(2) INFORMATION FOR SEQ ID NO: 5: 



m SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 139 amino acids 
20 (B) TYPE: amino acid 

™ ( C ) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

25 (vi) ORIGINAL SOURCE: 

fA. ORGANISM: Homo sapiens 
(F) TISSUE TYPE: HIPPOCAMPUS 

30 (ix) FEATURE:^^ 

$ O^-mORilATION: /label- hOPl-MATURE 

35 (xi) SEQUENCE DESCEIETIOH: SEQ ID K0:5: 

Ser Thr Gly Ser Lys Gin Arg Ser Gin Asn Arg Ser Lys Thr Pro Lys 

40 Ln Gin Glu Ala Uu Arg Hat Ala Asn Val Ala Glu Asn Ser Ser Ser 

20 "° 

Asp Gin Arg Gin Ala Cys Lys Lys His Glu Leu Tyr Val Ser Fhe Arg 
45 3 5 

Asp Leu Gly irp Gin Asp Trp He He Ala Ero Glu Gly Tyr Ala Ala 

50 Tyr Tyr Cys Glu Gly Glu Cys Ala Ehe Ero Leu Asn Ser Tyr Het Asn 
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aa Thr Asn His Ala He Val Gin Thr Leu Val His Phe He As* Pro 

Glu Thr Val Pro Lys Pro Cys Cys Ala Pro Thr Gin Leu Asn Ala He 

5 Ser Val Leu £ Phe Asp Asp Sex Ser Asn Val He Leu Lys Lys Tyr 

10 Arg Asn Met Val Val Arg Ala Cys Gly Cys His 

130 135 
(2) INPOKMATIOM FOR SEQ ID N0:6: 

i* (i) SEQUENCE CHARACTERISTICS : 

1 (A) LENGTH: 139 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 (ii) HOLECULE TYPE: protein 

tvl\ ORIGINAL SOURCE: 
( } (J? ORGANISH: HURIDAE 
2 5 (F) TISSUE TYPE: EHBRYO 



30 



40 



^ (A)^NAHE/KEY : Protein 
gj o^fSFORHlHON: /label- M0P1-HATURE 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
Ser Thr Gly Gly Lys Gin Arg Ser Gin Asn Arg Ser Lys Thr Pro Lys 
1 5 

, r Ala Ser Val Ala Glu Asn Ser Ser Ser 

Asn Gin Glu Ala Leu Arg Het Ala ser vax 3Q 

20 a 
m Oln Ar 5 Gin AX, Cys Lys Lys His Glu Leu Tyr Val Ser Phe Ar 8 

*p UU i Trp Gin Asp Trp He He Ala Pro Glu Gly Tyx Ala Ala 

Tyr Syr Cys Glu 61y Glu Cys Ala Phe Pro » Asn Ser Tyr het Asn 

l Thr Asn His Ala lie Val Gin Thr Leu Val His Phe II. Asn Pro 
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Asp Thr Val Pro Lys Pro Cys Cys Ala Pro Thr Gin Leu Asn Ala He 
Ser Val Leu Tyr Phe Asp Asp Sex Ser Asn Val He Leu Lys Lys Tyr 
Arg Asn Met Val Val Arg Ala Cys Gly Cys His 



130 



10 (2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 139 amino acids 

(B) TYPE: amino acid 

, s (C) STRANDEDNES S : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

20 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 
(F) TISSUE TYPE: HIPPOCAMPUS 



25 



(ix) FEATURE: 

(A) NAME/KEY: Protein 

|S] Aabel- H0P2-HATHHE 



30 (xi) sequence DESOtlPTIOHs SEQ ID H0.7: 

Ala Val Arg Pro Leu Arg Arg Arg Gin Pro lys lys Ser Asa Glu Leu 

35 La O. Ala Asn Arg Leu Pro Gly lie Phe Asp Asp Val His Gly Ser 

His Gly Arg Gin val cys Arg Arg His Gin Leu Tyr Val Ser Phe Gin 

40 Asp Leu Gly Trp Leu Asp Trp Val He Ala Pro Gin Gly Tyr Ser Ala 



50 



Tyr Tyr Cys Glu Gly Gin Cys Ser Phe Pro Leu Asp Ser Cys Het Asn 
Ala Thr Asn Bis Ala lie Lea Gin Ser Leu Val His Len Het Lys Pro 
Asa Ala Val Pro Lys Ala Cys Cys Ala Pro Thr Lys Leu Ser Ala Thr 

100 1XJD 
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ser val Leu Tyr Tyr Asp " - Asn - Val Xle g - 

Arg *sn Met Val Val Lys Ala Cys Gly Cys His 
5 130 " 3 

(2) INFORMATION FOR SEQ ID NO:8: 
II) SEQUENCE CHARACTERISTICS: 
in (1) (A) LENGTH: 139 amino acids 

10 fB> TYPE: amino acid 

ic STRANDEDNESS: single 
(D) TOPOLOGY: linear 

!5 (ii) HOLECULE TYPE: protein 

(vi) ORIGINAL SOURCE: 

(Vi) °(A) ORGANISM: MURIDAE 

(P) TISSUE TYPE: EMBRYO 

< i " ^fKis/m. Proreia 

$ /label- HOP2-HAI»BE 

<*1) SEQUENCE DESCMPTIOm SEQ ID 

" \ n His pro « * - m - * W "p - ^ - 

isp UU Trp UU asp Trp « »• Ua Pro g- =Xy ^ - - 
« Tyr Cys « QXy «u aa Phe Pro Uu asp Ser Cys Her Asa 

Ix.r.saH.sUaXUUuQ.Ser.oVaXH.sUoHer.ysPro 



20 



25 
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val val Pro Lys Ala Cys Cys ^ Pro Thr Lys Leu Ser U. Thr 

Ser Val Leu Tyr Tyr Asp Ser Ser Asa Asa Va! 11a L» Ax, lys His 
5 115 

Arg Asn Met Val Val Lys Ala Cys Gly Cys His 
130 1J:> 
10 (2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 101 amino acids 

(B) TYPE: amino acid 

1C )c) STRANDEDNESS: single 

15 ( D ) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

20 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: bovinae 

M X \ FEATURE: 

(A) NAME/KEY: Protein 

SSmiin™. /label- CBHP-2A-F1 

(*i) SEQUENCE DESCRIPTION SEQ ID KOsSs 
30 cys lys Ar, His Pr. Uu Tyr Val Asp Phe Sex Asp Val Gly g, Aaa 

Lp Tap II. val Ala Era Pro Gly Tyr Hi. Ua Phe Tya Cys His Gly 

du Cys Pro 1 Pro Leu Ala Asp His Uu Asa Ser Thr Asa His Ala 

10 Lie Val 1 Tar Leu Val Asa Ser Val Asa Ser Lys He Pro Lys Ala 

50 33 
Cys Cys Val Pro Thr Glu Uu Ser Ua He Ser Het Leu Tyr Leu As^ 



65 



WO 94/03200 



PCT/US93/07231 



- 117 - 

Olu Asn OXu Xys Val Val - Xys - Tyr Gin Asp Hat Val Val Glu 

Gly Cys Gly Cys Arg 
100 

(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 
1 ' (A) LENGTH: 101 amino acids 

(B) TYPEs amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

j (ii) MOLECULE TYPE: protein 

(vil ORIGINAL SOURCE: „.„__,-. 
( (A? ORGANISM: HOMO SAPIENS 

(F) TISSUE TYPE: hippocampus 

0 

(tx) FEATURE: 

K ' (A) NAME/KEY: Protein 

15 

(*i) SEQUENCE DESCRIPTION; SEQ ID NOtlO: 

Cys Arg Ar g His Ser Uu Tyr Val Asp The Ser Asp Val Gly Xrp Asn 
50 Lp Trp He Vsl Ala Pro Pro Gly Tyr Gin AX. Ph. Tyr Cys His Gly 

3, Asp Cys Pro 1 Pro Us Ala Asp His Uu Asn Ser THr Asn His Ala 

B. Val 1 Thr Uu Val Asn Sar Val Asn Sar Ser lie Pro Xys Ala 
40 Cys Z ^ Pro Thr Glu Xan Sar Ala IXa Sar Hat Un Tyr Uu Asp 

1 Tyr Asp xys Val Val Uu Xys Asn Tyr Gin Gin Hat Val Val Glu 



Gly Cys Gly Cys Arg 
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(2) INFORMATION FOR SEQ ID N0:11: 

(i) SEQUENCE CHARACTERISTICS • , 

{ (A) LENGTH: 102 amino acids 
c (B) TYPE-, amino acid 

5 )c\ STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: protein 

10 W °^ I 0^aSS: E DROSOPHILA HELANOGASTER 

15 < 1X) ^HE/KEY: Protein 

|51 SffSSAiSi. /label- DPP-F* 

( X i) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

cys at, at, hu uu Tyr val as P - s« va Oly X. Asp 

Lp Trp 11a Val Ala Pro Uu 01, Tyr Asp Ala Tyr Tyr Cys HI. Oly 
m cys go 1 Pro Uu Ala Asp Hla Pnu Asa Sar THr Aan Hia Ala 
*° Vll val 1 * - Val Aan Aan Asn Asn Pro Oly W Val - *■ 

Ala «. Oya Val Pro Thr Gin Uu Asp Ser Val Ala -at Uu Tyr Uu 
36 - 1 Asp Sin sar TKr Val Val Uu *s Aan Tyr Oln Olu « - Val 
40 Val Gly Cys Gly Cys Arg 

(2) INFORMATION FOR SEQ ID N0:12: 

A c it) SEQUENCE CHARACTERISTICS: 

45 (x, aw LENGTH . 102 aaj.no acids 

(B) TYPE: amino acid 
(A STRANDEDNESS: single 
(D) TOPOLOGY: linear 

50 



20 



25 
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(ii) MOLECULE TYPE: protein 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: XENOPUS 

(ix) FEATURE: 

(A) NAME/KEY: Protein 

(B) LOCATION: 1..102 

(D) OTHER INFORMATION: /label- VGL-FX 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



Cys Lys Lys Arg His Leu Tyr Val Glu Phe Lys Asp Val Gly Trp Gin 
15 1 5 10 

Asn Trp Val He Ala Pro Gin Gly Tyr Met Ala Asn Tyr Cys Tyr Gly 
20 25 .30 

20 Glu Cys Pro Tyr Pro Leu Thr Glu He Leu Asn Gly Ser Asn His Ala 

35 40 *5 

He Leu Gin Thr Leu Val His Ser He Glu Pro Glu Asp He Pro Leu 
50 55 60 

25 Pro Cys Cys Val Pro Thr Lys Met Ser Pro lie Ser Met Leu Phe Tyr 

65 70 75 ou 

Asp Asn Asn Asp Asn Val Val Leu Arg His Tyr Glu Asn Met Ala Val 
30 * 85 90 

Asp Glu Cys Gly Cys Arg 
100 

35 (2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 amino acids 

(B) TYPE: amino acid 

40 (C) STRAND EDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

45 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: MURIDAE 

(ix) FEATURE: 

(A) NAME/KEY: Protein 
50 (B) LOCATION: 1..102 

(D) OTHER INFORMATION: /label- VGR-l-FX 
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- 120 

<xi) SEQUENCE DESCRIPTION: SEQ ID N0:13s 



xi) SEQUENCE u6awvAriJ.u». — « 

Cys Lys Lys His f u Leu Tyr Vai Bar ft. Gin Asp Val Gly Tp Gin 
Lp Trp lie lie Ala *. W ^ - - *" %' ^ 
Glu cy. |« 1 Pr. Leu Asn Ala Hia Hat Asn Ala Thr Asa His Ala 
Ha val 1 Thr Leu Val His Val Hat Asa Pro Glu Tyr Val Pro Lys 
Pro Z Cys Ala Pro T>r Lys Val Asa Ala lie Ser Val Leu Tyr ft. 
Z „ p Asn Ser Asn Val He U» Lys Lys Tyr Ar 8 Asa Her Val Val 



65 

p Asp Asn Set 
Arg Ala Cys Gly Cys His 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i, SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 106 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

.vi> ORIGINAL SOURCE: 

(A) ORGANISH: Homo sapiens 
, (F) TISSUE TYPE: brain 



45 



50 



(ix) FEATURE: 

(A) NAME/KEY: Protein 

{„>> !SmoJ™ /acre- -GDF-1 (fc>- 

(li) SEQUENCE DESCRIPTION: SEQ ID VO-.U: 
Cys Ar, Ala Ar, Ar, Lea Tyr Val Ser fte Arg Glu Val Gly Tp His 
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Are Trp Val lie Ala Pro Arg Cly Phe Leu Ala Asn Tyr Cys Gin Gly 

20 25 
Gin Cys Ala Leu Pro Val Ala Leu Ser Gly Ser Gly Gly Pro Pro Ala 

35 *0 HJ 

Leu Asn His Ala Val Leu Arg Ala Leu Met His Ala Ala Ala Pro Gly 

50 55 
Ala Ala Asp Leu Pro Cys Cys Val Pro Ala Arg Leu Ser Pro He Ser 
65 70 75 

Val Leu Phe Phe Asp Asn Ser Asp Asn Val Val Leu Arg Gin Tyr Glu 

Asp Met Val Val Asp Glu Cys Gly Cys Arg 
100 105 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
Cys Xaa Xaa Xaa Xaa 

(2) INFORMATION FOR SEQ ID NO: 16: 

m SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1822 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL : NO 

(iv) ANTI-SENSE: NO 

( V ±) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 
(F) TISSUE TYPE: HIPPOCAMPUS 
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(ix) FEATURE: 

1 ' (A) HAME/KEYs CDS 

m LOCATION: 49.. 1341 

/standard_name= "OPl" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: 
GGTGCGGGCC CGGAGCCCGG AGCCCGGGTA GCGCGTAGAG CCGGCGCG ATG CAC GTG 

1 

2222222222222222 



5 



s s 2 a 2 s = b = s 5 2 £ 2 2 2 

25 



* 22222222552S2228 
„ 22222'22222252222 
2S2^ = aSSg2iS = S2222- 
35 22K222222K5525 
40 2222252222S2222S 

100 105 

• 2222222222222222 

120 iZ3 

.2222222222222222 



105 

153 

201 

249 

297 

345 

393 
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2222222222222222 

150 155 

* ^222222222232222 

165 170 

10 35522222222222221 

180 185 

8222222222222222 

15 200 

2222222222222222 



20 



213 

iTC ACA 0C0 ACC «* AAC CAC TGG « OTC AAT CCO COG CAC AAC CTO 
lie Thr Ala Thr Ser Asa His Trp Val vax a ^ 
230 2 " 



230 

- 5222222222222222 

245 250 

„ 2282222222222222 

260 265 

2 2 2 S.2 2 2 2 2 2 22 2 S 2 2 

35 28 ^ 

S22S222S222S2S22 
40 s-222222222222222 

310 315 

•8222222222222522 

325 330 

50 2222222222222522 

340 . 345 



537 



585 



633 



681 



729 



777 



825 



873 



921 



969 



1017 



1065 



1113 
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E2S22S25E22222g2 

2 s s 2 2 s s a g 2 2 2 2 i 2 2 

, 88:22222522222222- 

390 395 

2222225222232222 

> 405 * 10 

5522222222252— 



20 



420 



GAGAATTCAG ACCCTTTGGG GCCAAGTTTT TCTGGATCCT CCATTGCTCG CCTTGGCCAG 
GAACCAGCAG ACCAACTGCC TTTTGTGAGA CCTTCCCCTC CCTATCCCCA ACTTTAAAGG 
25 TGTGAGAGTA TTAGGAAACA TGAGCAGCAT ATGGCTTTTG ATCAGTTTTT CAGTGGCAGC 
ATCCAATGAA CAAGATCCTA CAAGCTGTGC AGGCAAAACC TAGCAGGAAA AAAAAACAAC 
GCATAAAGAA AAATGGCCGG GCCAGGTCAT TGGCTGGGAA GTCTCAGCCA TGCACGGACT 
30 CGTTTCCAGA GGTAATTATG AGCGCCTACC AGCCAGGCCA CCCAGCCGTG GGAGGAAGGG 
GGCGTGGCAA GGGGTGGGCA CATTGGTGTC TGTGCGAAAG GAAAATTGAC CCGGAAGTTC 
35 CTGTAATAAA TGTCACAATA AAACGAATGA ATGAAAAAAA AAAAAAAAAA A 

(2) INFOBHATION FOR SEQ ID NO: 17: 

At) (i) SEQUENCE CHARACTERISTICS: 

40 1 ' ( A ) LENGTH: 431 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

45 (ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
Het His Val Arg Ser Leu Arg Ala Ala Ala Pro His Ser Phe Val Ala 
50 1 5 



1411 
1471 
1531 
1591 
1651 
1711 
1771 
1822 



WO 94/03200 



PCI7US93/07231 



Leu Asp Asn 
5 35 



l,^HlsSerB«rPh=Il.Hi»*r S « | U«A Ig Ser 
Gto GXu Us US OXu « OXu Us OXu XX. Uu S„ XU Uu OX y - 
10 „ Z «S Pro U, « His Uu OXu -V Vj His - - - >H 

Z , he H . t . - j - - - -g - « - G1B 1? Gly 

15 ay P,o OX, «T 0. 01, «. Se, Xg « ^ - « - S » 
fc - OX, Z P« U. - «. UU 0. Up S.s - - UU » 
20 m U. UP He, VaX - - Pa, VaX Uu UU VaX OXu Bis UP 
25 OXu r. Ph. Hi. *. US TP. Hi. Hi, Us OXu PU US «- UP - 

30 v x y s up Tg n. us oxu us pje up uu oxu t us n. 

,„ VaX *. OXU VaX Uu OXu OXu His Uu OX y Us OXu Ser up Uu 

" fh e uu UU UP S« US £ - „ Uu ser OXu OXu 0X y « Uu 
210 

40 Val «. Asp He * Ala fc Se, Asn H.s Trp Val Val As. Pro jg 



His Asn Leu Gly Leu Gin Leu Ser 



Val Glu Thr Leu Asp Gly Gin Ser 



" xxe UU Pru x y8 uu aXa 0X y Uu XXe 0X y Us HU 0X y Pro OXu Uu 

ly . oxu Pro Z He, VUX aXa PU «- na * OXu VaX His PHe 
50 Uy 275 280 
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Are Ser He Arg Ser Thr Gly Ser Lys Gin Arg Ser Gin Asn Arg Ser 
* 290 295 300 

Lys Thr Pro Lys Asn Gin Glu Ala Leu Arg Met Ala Asn Val Ala Glu 



5 305 



Asn Ser Ser Ser Asp Gin Arg Gin Ala Cys Lys Lys His Glu Leu Tyr 
325 330 

10 Val' Ser Phe Arg Asp Leu Gly Trp Gin Asp Trp lie He Ala Pro Glu 
340 345 " v 

Gly Tyr Ala Ala Tyr Tyr Cys Glu Gly Glu Cys Ala Phe Pro Leu Asn 
• 360 365 



355 



15 Ser Tyr Met Asn Ala Thr Asn His Ala lie Val Gin Thr Leu Val His 
370 375 380 

Phe lie Asn Pro Glu Thr Val Pro Lys Pro Cys Cys Ala Pro Thr Gin 
20 385 390 395 w 

Leu Asn Ala He Ser Val Leu Tyr Phe Asp Asp Ser Ser Asn Val He 
405 410 413 

25 Leu Lys Lys Tyr Arg Asn Met Val Val Arg Ala Cys Gly Cys His 
420 ^25 

(2) INFORMATION FOR SEQ ID NO: 18: 

30 (i) SEQUENCE CHARACTERISTICS J 

(A) LENGTH: 1873 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

35 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

40 (iv) ANTI-SENSE: NO 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: MURIDAE 
(F) TISSUE TYPE: EMBRYO 

45 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(D) OMIMFOMATioN: /function* "OSTEOGENIC PROTEIN" 
50 /product- "M0P1" 

/note- "MOP1 (CDNA)" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CTGCAGCAAG TGACCTCGGG TCGTGGACCG CTGCCCTGCC CCCTCCGCTG CCACCTGGGG 
CGGCGCGGGC CCGGTGCCCC GGATCGCGCG TAGAGCCGGC GCG ATG CAC GTG CGC 



1 



15 



20 



ggsssssssssssgss 
2:2225222252222522 
52222222222222252 

40 

nr ATT CAG CGG GAG ATC CTG TCC ATC TTA GGG TTG CCC CAT CGC CCG 
Su He? £n Art 2E lie Leu Ser lie Leu Gly Leu Fro His Arg Pro 
55 60 03 

25 5S2S22S2222222222 

70 75 80 

30 2S2S2B2BS222S22S2 

85 90 93 

52S223S2S2222S22 

35 llu 

" „ A ccc AGC ctg CAG GAC AGC CAT TTC CTC ACT GAC GCC GAC ATG GTC 
St Ala Leu G^ Asp Ser His Phe Leu Tbr Asp Ala Asp Her Val 

ATG AGC TTC GTC AAC CTA GTG GAA CAT GAC AAA GAA TTC TTC CAC CCT 
Set Ser Phe Val Asn Leu Val Glu His Asp Lys Glu Phe Phe His Pro 
135 140 1 *- > 

45 CGA TAC CAC CAT CGG GAG TTC CGG TTT GAT CTT TCC AAG ATC CCC GAG 
Arg Tyr His His Arg Glu Phe Arg Phe Asp Leu Ser Lys lie Pro Glu 
150 I 55 16 

522S5S2B2222S2222 



40 



50 



60 
115 



165 170 
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- 128 - 

■ggggg5S22S2222SS 

200 zu 

, -ssgSS»2SS2S22£2 

215 " u 
15 230 235 

gggggS225S22S22S2 

245 250 

S522SS2S2S2S:2222 
- Bffiga5s22g22S22a2 

280 283 

, SSSS52S222S222222 

295 300 

SSE2S222SS2222SS 

35 310 315 

■-gSKSS2^222gS22SS 

325 330 

40 2gggg522222S2S2g 

345 S3V 

" S5gSgSE22222SS2E 
w SggESS2g2522S2S2 



691 . 
739 * 
787 
835 
883 
931 
979 
1027 
1075 
1123 
1171 
1219 
1267 
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ACA GTA CCC AAG CCC TGC TGT GCG CCC ACC CAG CTC AAC GCC ATC TCT 
Thr Sal Pro, Lys Pro Cys Cys Ala Pro Thr Gin Leu Asn Ala lie Ser 
390 395 *°0 

GTC CTC TAC TTC GAC GAC AGC TCT AAT GTC GAC CTG AAG AAG TAC AGA 
S3 £u iyr Phe Asp Asp Ser Ser Asn Val Asp Leu Lys Lys Tyr Arg 
405 410 



1473 



1833 
1873 



AAC ATG GTG GTC CGG GCC TGT GGC TGC CAC TAGCTCTTCC TGAGACCCTG 
10 Asn Met Val Val Arg Ala Cys Gly Cys His 
425 430 

ACCTTTGCGG GGCCACACCT TTCCAAATCT TCGATGTCTC ACCATCTAAG TCTCTCACTG 
15 CCCACCTTGG CGAGGAGAAC AGACCAACCT CTCCTGAGCC TTCCCTCACC TCCCAACCGG 1533 

AAGCATGTAA GGGTTCCAGA AACCTGAGCG TGCAGCAGCT GATGAGCGCC CTTTCCTTCT 1593 

GGCACGTGAC GGACAAGATC CTACCAGCTA CCACAGCAAA CGCCTAAGAG CAGGAAAAAT 1653 
20 GTCTGCCAGG AAAGTGTCCA GTGTCCACAT GGCCCCTGGC GCTCTGAGTC TTTGAGGAGT 1713 

AATCGCAAGC CTCGTTCAGC TGCAGCAGAA GGAAGGGCTT AGCCAGGGTG GGCGCTGGCG 1773 
25 TCTGTGTTGA AGGGAAACCA AGCAGAAGCC ACTGTAATGA TATGTCACAA TAAAACCCAT 

GAATGAAAAA AAAAAAAAAA AAAAAAAAAA AAAAGAATTC 

30 (2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 430 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

40 Met His Val Arg Ser Leu Arg Ala Ala Ala Pro His Ser Phe Val Ala 
1 5 10 

Leu Trp Ala Pro Leu Phe Leu Leu Arg Ser Ala Leu Ala Asp Phe Ser 
45 20 25 30 

Leu Asp Asn Glu Val His Ser Ser Phe He His Arg Arg Leu Arg Ser 

50 Gin Glu Arg Arg Glu Met Gin Arg Glu He Leu Ser He Leu Gly Leu 
50 55 .60 
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Pro His Arg « Arg Pro His Uu Ota Gly ^ His Asn *er AU Pro 



65 

Met Phe Met 



w»«- Ala Val Glu Glu Ser Gly 
Leu Asp Leu Tyr Asn Ala Met Ala Val Gi ^ 

85 '° 



145 

Lys : 



Lys Asp Tyr He Arg 



U p oiy g. -r - - B * lys 411 V " S sei " r 

„ Oin Oly Pro Pro Uu Ala Her Uu Oin Asp Ser His g Uu * Asp 

Ala Asp H« Val H.t Ser Ph. Val Asu Uu V.1 Glu His ASP Lys «- 
130 " 3 
15 th e Phe His P,o Arg Tyr His His Arg Glu Phe Arg - *- - |« 

Ue Pro Olu Oly Glu Ar, Vsl Tor Ala Ala Olu Phe Arg g. Tyr 

81. Arg Phe Asp Asn Olu Thr Phe Ota lie Thr 

Stt ^ Val leu Gin Olu His Ser 01, Arg Olu Ser Asp Uu Phe 

Leu Leu 2 Ser Arg Thr lie Trp Ala Ser Olu Olu Oly Trp Uu Val 
210 213 
30 P te asp Tie Thr Ala Thr Ser Asu His Trp Val Val Asu Pro Arg His 
225 

Asn uu Gly Leu Olu Leu Ser Val Olu Thr Uu Asp Oly Olu Ser He 
M i5 „ Pr o Lys UU L Oly Uu lie Oly Arg His Oly Pro Olu Asu Lys 
„ Olu Pro Phe « Val Ala Phe Phe Lys Ala Thr Olu Val His uu Arg 
Ser lie Z Ser Thr Oly Gly Lys Olu Arg Ser Olu Asn Arg Ser Lys 



« Thr Pro Lys Asu Olu Olu Ala Uu Arg He, Ala Ser Val Ala Olu Asu 
. ser ser Asp Glu Arg Glu Ua Cys Lys Lys His Glu Leu Tyr Val 



305 
Ser ! 
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Ser Phe Arg Asp Leu Gly Trp Gin Asp Trp lie lie Ala Pro Glu Gly 

Tyr Ala Ala Tyr Tyr Cys Glu Gly Glu Cys Ala Phe Pro Leu Asn Ser 

355 360 JUJ 

Tyr Met Asn Ala Thr Asn His Ala lie Val Gin Thr Leu Val His Phe 



370 



10 



lie Asn Pro Asp Thr Val Pro Lys Pro Cys Cys Ala Pro Thr Gin Leu 
385 390 395 

Asn Ala lie Ser Val Leu Tyr Phe Asp Asp Ser Ser Asn Val Asp Leu 
405 * 1U 



20 



Lys Lys Tyr Arg Asn Met Val Val Arg Ala Cys Gly Cys His 

420 ^ 
(2) INFORMATION FOR SEQ ID NO: 20: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1723 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 
(F) TISSUE TYPE: HIPPOCAMPUS 

(ix) FEATURE: 

(A) NAME/KEY: CDS 



g{ ISKo^ii™"/ function- -OSTEOGENIC PROTEIN 11 



/product= "hOP2-PP" 
/note- "hOP2 (cDNA) 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:20: 
GGCGCCGGCA GAGCAGGAGT GGCTGGAGGA GCTGTGGTTG GAGCAGGAGG TGGCACGGCA 
GGGCTGGAGG GCTCCCTATG AGTGGCGGAG ACGGCCCAGG AGGCGCTGGA GCAACAGCTC 
CCACACCGCA CCAAGCGGTG GCTGCAGGAG CTCGCCCATC GCCCCTGCGC TGCTCGGACC 
GCGGCCACAG CCGGACTGGC GGGTACGGCG GCGACAGAGG CATTGGCCGA GAGTCCCAGT 



60 
120 
180 
240 
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CCGCAGAGTA GCCCCGGCCT CGAGGCGGTG GCGTCCCGGT CCTCTCCGTC CAGGAGCCAG 
GACAGGTGTC GCGCGGCGGG GCTCCAGGGA CCGCGCCTGA GGCCGGCTGC CCGCCCGTCC 
CGCCCCGCCC CGCCGCCCGC CGCCCGCCGA GCCCAGCCTC CTTGCCGTCG GGGCGTCCCC 
AGGCCCTGGG TCGGCCGCGG AGCCGATGCG CGCCCGCTGA GCGCCCCAGC TGAGCGCCCC 

««SSS522S5SS2S22S2 



10 Met Thr Ala Leu Pro Gly rro lsu «j 

saaaaaaaaasaaaaa 

15 15 20 25 

GGC TGT CCC CAG CGA CGI CTG GGC GCG CGC GAG CGC CGG GAC GTG CAG 
oily by* Pro Gin Arg Arg Leu Gly Ala Arg Glu Arg Arg Asp Val Gin 
30 35 

20 aasassaaaaaaaaaa 
* ssssssaassESsaas 
30 aaasasaasaaaaaas 

80 85 
CCC GCG GAG CGG CGC CTG GGC CGC GCC GAC CTG GTC ATG AGC TTC GTT 
Pro Ala Glu Arg Arg Leu Gly Arg Ala Asp Leu Val Met Ser Phe Val 



40 



asaaaaasaaaaaaag 

110 115 ™> 

AAG GAG TTC CGC TOT GAC CTG ACC CAG ATC CCG GCT GGG GAG GCG GTC 
i£ Se Xrg Phe Asp Leu Thr Gin lie Pro Ala Gly Glu Ala Val 
J 130 135 AHU 

- assaaaassaaaasaaa 

145 150 A - >J 

AAC AGG ACC CTC CAC GTC AGC ATG TTC CAG GTG GTC CAG GAG CAG TCC 
50 tin £S ita Leu His Val Ser Met Phe Gin Val Val Gin Glu Gin Ser 
160 165 



300 
360 
420 
480 
528 
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J£5SS=5=S 5 = S5 S S2SS 

175 

190 ^ 

.saasgaaaagaaaaga 
ssssaaasagaasagaa 

15 22 "' 

240 245 



20 



sssaasaaaasgaaaa 

255 260 

- ssaaaaaaaagaaaag 

270 

.ssaagaaaaga.aaaga 
s s a a a a a a g a a a a g a a 

35 305 5 

.gsssaaagaaaagaa- 
seaaaagaaaaaaasfe. 

335 340 

« gggaaaaaaaasaaaa 

350 355 



40 
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385 

GCC TGC GGC TGC CAC T GAGTCAGCCC GCCCAGCCCT ACTGCAG 
10 Ala Cys Gly Cys His 
400 

(2) INFORMATION FOR SEQ ID NOi21: 

15 t±\ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 402 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
25 Met Thr Ala Leu Pro Gly Pro Leu Trp Leu Leu Gly Leu Ala Leu Cys 
1 5 
Ala Leu Gly Gly Gly Gly Pro Gly Leu Arg Pro Pro Pro Gly Cys Pro 
20 25 
30 Gin Arg Arg Leu Gly Ala Arg Glu Arg Arg Asp Val Gin Arg Glu lie 

Leu Ala Val Leu Gly Leu Pro Gly Arg Pro Arg Pro Arg Ala Pro Pro 
35 50 55 

Ala Ala Ser Arg Leu Pro Ala Ser Ala Pro Leu Phe Met Leu Asp Leu 
65 70 " 

40 Tyr His Ala Met Ala Gly Asp Asp Asp Glu Asp Gly Ala Pro Ala Glu 

Arg Arg Leu Gly Arg Ala Asp Leu Val Met Ser Phe Val Asn Met Val 
100 iU3 
45 Glu Arg Asp Arg Ala Uu 01, His Gin Glu Pro Bis Trp hys Glu Phe 

Arg Phe Asp Leu Thr Glu lie Pro Ala Gly Glu Ala Val Thr Ua Ala 
eft ^•^r\ 135 



1632 
1680 
1723 
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Glu Phe Arg He Tyr Lys Val Pro Ser lie His Leu Leu Asn Arg Thr 
145 150 153 

Leu His Val Ser Met Phe Gin Val Val Gin Glu Gin Ser Asn Arg Glu 
5 165 170 1/3 

Ser Asp Leu Phe Phe Leu Asp Leu Gin Thr Leu Arg Ala Gly Asp Glu 
180 185 lSU 

10 Gly Trp Leu Val Leu Asp Val Thr Ala Ala Ser Asp Cys Trp Leu Leu 
195 200 205 

Lys Arg His Lys Asp Leu Gly Leu Arg Leu Tyr Val Glu Thr Glu Asp 
210 215 " u 

15 Gly His Ser Val Asp Pro Gly Leu Ala Gly Leu Leu Gly Gin Arg Ala 
225 230 235 

Pro Arg Ser Gin Gin Pro Phe Val Val Thr Phe Phe Arg Ala Ser Pro 
20 245 250 255 

Ser Pro He Arg Thr Pro Arg Ala Val Arg Pro Leu Arg Arg Arg Gin 
260 265 2 ' y 

25 Pro Lys Lys Ser Asn Glu Leu Pro Gin Ala Asn Arg Leu Pro Gly He 
275 280 285 

Phe Asp Asp Val His Gly Ser His Gly Arg Gin Val Cys Arg Arg His 
290 295 300 

30 Glu Leu Tyr Val Ser Phe Gin Asp Leu Gly Trp Leu Asp Trp Val lie 
305 310 315 

Ala Pro Gin Gly Tyr Ser Ala Tyr Tyr Cys Glu Gly Glu Cys Ser Phe 
35 325 33° 



Pro Leu Asp Ser Cys Met Asn Ala Thr Asn His Ala He Leu Gin Ser 
340 345 350 

40 Leu Val His Leu Met Lys Pro Asn Ala Val Pro Lys Ala Cys Cys Ala 
355 360 365 

Pro Thr Lys Leu Ser Ala Thr Ser Val Leu Tyr Tyr Asp Ser Ser Asn 
370 375 380 

45 Asn Val He Leu Arg Lys Ala Arg Asn Met Val Val Lys Ala Cys Gly 
385 390 395 *0° 

Cys His 
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(2) INFORMATION FOR SEQ ID NO: 22: 

m SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1926 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(Vi) ORIGINAL SOURCE: 

V (A) ORGANISM: MURIDAE 
(F) TISSUE TYPE: EMBRYO 

(ix) FEATURE: 

V (A) NAME/KEY: CDS 



15 58 ^SFORMATION: /function- "OSTEOGENIC PROTEIN" 

/product- "mOF2-PP" 
/note- "mOP2 cDNA" 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GCCAGGCACA GGTGCGCCGT CTGGTCCTCC CCGTCTGGCG TCAGCCGAGC CCGACCAGCT 
25 ACCAGTGGAT GCGCGCCGGC TGAAAGTCCG AG ATG GCT ATG CGT CCC GGG CCA 



30 25SlSSS2 = Sa2S5SSS5 

35 25 30 

40 45 

"553S5SSSSSSSSSSSS 

90 93 



60 
113 
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22S22saaas225332 

105 110 

•aassaaaasasasass 

120 125 

. asssssaaasssasge 

K222SS2KS2222SS2 

15 155 160 

!£SSSi£2S8SS§252 = S Sa5S 
■2SaS22222«S=«SS2 

200 2 ^-* 

3 0 SS2£2S52S25S52Eg 
35 22SS2S2S2iS222S22 
" gg2S2222aS22gSSa 

250 255 



20 



40 



S2Sa522SS22a2222 

265 270 

- 2Ui22S22SaS2S2SaS 

280 2 ^"* 

-asasgsaasgagssga 
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315 320 ■ 3Z -> 

E nnr rkr TGT GCT TTC CCA CTG GAC TCC TGT ATG AAC GCC ACC AAC 

5 2£ S? «2 S Pro Leu Asp Ser Cys Met Asn Ala Thr Asn 
330 335 J 

CAT GCC ATC TTG CAG TCT CTG GTG CAC CTG ATG AAG CCA GAT GTT GTC 
10 £a Se LeS eta Ser Leu Val His Leu Met Lys Pro Asp Val Val 
345 350 ■ 3 - > - > 

360 365 

TAC TAT GAC AGC AGC AAC AAT GTC ATC CTG CGT AAA CAC CGT AAC ATG 
™ ™ lip Ser Ser Asn Asn Val lie Leu Arg Lys His Arg Asn Met 

20 GTG GTC AAG GCC TGT GGC TGC CAC TGAGGCCCCG CCCAGCATCC TGCTTCTACT 1319 
Val Val Lys Ala Cys Gly Cys His 
395 

25 ACCTTACCAT CTGGCCGGGC CCCTCTCCAG AGGCAGAAAC CCTTCTATGT TATCATAGCT 1379 

CAGACAGGGG CAATGGGAGG CCCTTCACTT CCCCTGGCCA CTTCCTGCTA AAATTCTGGT 1A39 

CTTTCCCAGT TCCTCTGTCC TTCATGGGGT TTCGGGGCTA TCACCCCGCC CTCTCCATCC 1A99 



15 360 



1073 
1121 
1169 
1217 
1265 



TCCTACCCCA AGCATAGACT GAATGCACAC AGCATCCCAG AGCTATGCTA ACTGAGAGGT 



1619 
1679 
1739 



CTGGGGTCAG CACTGAAGGC CCACATGAGG AAGACTGATC CTTGGCCATC CTCAGCCCAC 
35 AATGGCAAAT TCTGGATGGT CTAAGAAGGC CCTGGAATTC TAAACTAGAT GATCTGGGCT 

CTCTGCACCA TTCATTGTGG CAGTTGGGAC ATTTTTAGGT ATAACAGACA CATACACTTA 

GATCAATGCA TCGCTGTACT CCTTGAAATC AGAGCTAGCT TGTTAGAAAA AGAATCAGAG 1799 
40 CCAGGTATAG CGGTGCATGT CATTAATCCC AGCGCTAAAG AGACAGAGAC AGGAGAATCT 1859 

CTGTGAGTTC AAGGCCACAT AGAAAGAGCC TGTCTCGGGA GCAGGAAAAA AAAAAAAAAC 
45 GGAATTC 



1919 
1926 
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(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 399 amino acids 
5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Met Ala Met Arg Pro Gly Pro Leu Trp Leu Leu Gly Leu Ala Leu Cys 

15 Ala Leu Gly Gly Gly His Gly Pro Arg Pro Pro His Thr Cys Pro Gin 

Arg Arg Leu Gly Ala Arg Glu Arg Arg Asp Met Gin Arg Glu lie Leu 

20 Ala Val Leu Gly Leu Pro Gly Arg Pro Arg Pro Arg Ala Gin Pro Ala 

Ala Ala Arg Gin Pro Ala Ser Ala Pro Leu Phe Met Leu Asp Leu Tyr 
25 65 70 73 

His Ala Met Thr Asp Asp Asp Asp Gly Gly Pro Pro Gin Ala His Leu 

30 Gly Arg Ala Asp Leu Val Met Ser Phe Val Asn Met Val Glu Arg Asp 

Arg Thr Leu Gly Tyr Gin Glu Pro His Trp Lys Glu Phe His Phe Asp 
115 120 123 

35 Leu Thr Gin lie Pro Ala Gly Glu Ala Val Thr Ala Ala Glu Phe Arg 
130 135 lw 

lie Tyr Lys Glu Pro Ser Thr His Pro Leu Asn Thr Thr Leu His lie 
40 145 150 153 

Ser Met Phe Glu Val Val Gin Glu His Ser Asn Arg Glu Ser Asp Leu 
165 l'° 

45 Phe Phe Leu Asp Leu Gin Thr Leu Arg Ser Gly Asp Glu Gly Trp Leu 
180 185 iyu 

Val Leu Asp lie Thr Ala Ala Ser Asp Arg Trp Leu Leu Asn His His 
195 200 * U3 

50 Lys Asp Leu Gly Leu Arg Leu Tyr Val Glu Thr Ala Asp Gly His Ser 



210 
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Met Asp Pro Gly Leu Ala Gly Leu Leu Gly Arg Gin Ala Pro Arg Ser 
225 230 

Arg Gin Pro Phe Her Val Thr Phe Phe Arg Ala Ser Gin Ser Pro Val 
Arg AU Pre Arg Ala Ale Arg Pro Leu Lys Arg Arg Gin Pre Lys Lys 



260 



» Thr Asn Glu Leu Pro Hie Pro Asn Lye leu Pro Gly lie Phe Asp Asp 



275 



Gly Hie Gly Ser Arg Gly Arg Glu Val Cys Arg Arg Hi. Glu Leu Tyr 
290 295 
15 ,al Ser Phe Arg Aap leu Gly Trp Uu Asp Ire Val lie Ala Pro Gin 
305 310 

Gly lyr S.r Ala lyr lyr Cya Glu Gly Glu Cys Ala Phe Pro Leu Asp 
20 325 

Ser Cys Her Asn Ale Thr Asn Bis Ala lie Leu Gin Ser Leu Val His 
340 JO 
25 Leu Het Lys Pro Asp Val Val Pro Lys Ala Cys Cys Ala Pro Thr Lys 

Uu Ser Ala Thr Ser Val Leu Tyr Tyr Asp Ser Ser Asn Asn Val lie 
370 375 
30 uu Arg Lys His Arg Asn Het Val Val Lys Ala Cys Gly Cys His 



35 



385 " ■ . 390 

(2) INFORMATION FOR SEQ ID NO: 24: 



m SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1368 base pairs 

(B) TYPEt nucleic acid 

(C) STRANDEDNESS: single 
40 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

45 (ix) FEATURE: 

* D 1 ' (A) NAME/KEY: CDS 

(B) LOCATION: 1..1368 

50 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
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s s a s a a s a a s s a a a s a 
• -sasasaa'aasaaaaa 

10 ssaaaaasaaaaaasa 

SSSSSSS2SSS5JS2SS 

15 --aaaaaasaaaaaaa 

65 70 



20 



65 

aaaaaaaaaigasasaa 
- aassaaaaaaaaaaaa 

100 Au:) 

.aaaaasagaaasss- 2 

115 120 

a'aaaaagaaasaaaaa 

35 130 135 

a a a a a a a a £ a a a a a a 

145 150 



40 



asaaaaaaaaaaaaga 

- a a a a a a a a a a a a a g a a 
50 saaaaasaaaaasaaa 

195 * uu 



96 



144 



192 



240 



288 



336 



384 



432 



480 



528 



576 



624 
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AC c ccc aac agg gag « £ « jg £ £ 2 £ 2 * S 

Thr aa Asn Arg Glu Phe Thr lie xar / ^ 
210 

» 22g2222222g2S22g 

225 

10 s5sssg52222S22Sg2 
8:222222222222222 

15 ^GO * 

* CAC GCT GTC AAC CGA CCC GAC CGC GAG GTG AAG CTG GAC GAC ATI GGA 
His Ala Val Asn Arg Pro Asp Arg 2fl5 
275 2W 



20 



275 — 

222«222M22g22g 

290 293 

- ggsssssssssgsssesg 

305 

„222Sg22£2g2222g2 

S IS 2 2 2 ^ 2 5 2 2 2 2 - 1 « S 
fi222222g222252SS 



40 



355 

g25222g22SS2222S. 

370 375 

« g 2522g2222222222 
50 s 2 S 2 2 2 2 2 2 2 2 2 2 2 1 2 



672 , 
720 » 
768 
816 
864 
912 
960 
1008 
1056 
1104 
1152 
1200 



1248 
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AAG CCC TGC TGC GCT CCG ACC AGG CTG GGA GCA CTA CCC GTT CTG TAC 
Lys Pro Cys Cys Ala Pro Thr Arg Leu Gly Ala Leu Pro Val Leu Tyr 
7 420 «5 430 

5 CAC CTG AAC GAC GAG AAT GTG AAC CTG AAA AAG TAT AGA AAC ATG ATT 
His Leu Asn Asp Glu Asn Val Asn Leu Lys Lys Tyr Arg Asn Met lie 
435 440 445 

GTG AAA TCC TGC GGG TGC CAT TGA 
10 Val Lys Ser Cys Gly Cys His 
450 455 

(2) INFORMATION FOR SEQ ID NO: 25: 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 455 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

20 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

25 Met Ser Gly Leu Arg Asn Thr Ser Glu Ala Val Ala Val Leu Ala Ser 
I 5 10 15 

Leu Gly Leu Gly Met Val Leu Leu Met Phe Val Ala Thr Thr Pro Pro 
20 25 30 

30 

Ala Val Glu Ala Thr Gin Ser Gly He Tyr He Asp Asn Gly Lys Asp 
35 40 45 

Gin Thr He Met His Arg Val Leu Ser Glu Asp Asp Lys Leu Asp Val 
35 50 55 60 

Ser Tyr Glu He Leu Glu Phe Leu Gly He Ala Glu Arg Pro Thr His 
65 70 75 80 

40 Leu Ser Ser His Gin Leu Ser Leu Arg Lys Ser Ala Pro Lys Phe Leu 
85 90 95 

Leu Asp Val Tyr His Arg He Thr Ala Glu Glu Gly Leu Ser Asp Gin 
100 105 HO 

45 

Asp Glu Asp Asp Asp Tyr Glu Arg Gly His Arg Ser Arg Arg Ser Ala 
115 120 125 

Asp Leu Glu Glu Asp Glu Gly Glu Gin Gin Lys Asn Phe He Thr Asp 
50 130 135 140 
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Asn Lys Arg His His Asn Val Asp Glu Leu Arg His Glu His Gly Arg 



Arg Leu Trp 



165 

Phe Asp Val Ser Asn Val Pro Asn Asp Asn Jg Leu Val 
180 185 
10 Hat Ala Glu Uu Arg H. Tyr Clu Asn Ala Asa Glu Gly Lys *P Uu 

m Ala 1!! Arg Glu PH. THr He Tnr Val Tyr Ala lie Gly Tar Gly 
210 - 
15 «« US Gly Glu His rnr Her Glu Pre leu Ser Ser V.1 Asu THr J; 

X Asp Tyr Val Gly Trp leu Glu Uu Asu Val Tar Glu Gly g His 

M olu Xr P Leu val Lys Ser Lys Asp Asa His Gly He Tyr lie Gly Ala 

25 His Ala V.1 Z Arg Pro Asp Arg Glu Vsl Lys Leu Asp Asp 11a Gly 

„ Xle 2 Arg Lys Val Asp Asp Glu Pee Glu Uo Pee Her He Gly 
290 

30 p„. Phe Arg Gly Pre Glu Uu 11. Lys AU THr Ala His Her Ser His 
305 



310 



His Arg Ser Lys Arg Ser Ala Ser His Jr. Arg Lys Arg Lys Lys Ser 

M val Ser Pro Asn Asn Val Pro Leu Leu Glu Pro Her Glu Ser THr Arg 

40 ser Gys Glu Z Glu Tar Uu Tyr He Asp PHe Lys Asp Uu Gly Trp 

». Asp Trp Xle lie Ala Pro Glu Gly Tyr Gly Ala Pee Tyr Cys Ser 
370 

15 G1 y Glu Cys Asa Phe Pro Leu Asn Ala His Her Asn Ala Tar Asn His 
385 

»e Val Gin THr Uu Val His Uu Uu Glu Pro Lys Lys Val Pro 
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Lys Pro Cys Cys Ala Pro Thr Arg Leu Gly Ala Leu Pro Val Leu Tyr 
420 425 430 

His Leu Asn Asp Glu Asn Val Asn Leu Lys Lys Tyr Arg Asn Met He 
5 435 440 445 

Val Lys Ser Cys Gly Cys His 
450 455 

10 

(2) INFORMATION FOR SEQ ID N0:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 amino acids 
15 (B) TYPE: amino acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

20 

(ix) FEATURES 

(A) NAME/KEY: Protein 

(B) LOCATION: 1..104 

25 (D) OTHER INFORMATION: /note* "BMP3" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

30 Cys Ala Arg Arg Tyr Leu Lys Val Asp Phe Ala Asp He Gly Trp Ser 

i 5 10 15 

Glu Trp He He Ser Pro Lys Ser Phe Asp Ala Tyr Tyr Cys Ser Gly 
20 25 30 

35 Ala Cys Gin Phe Pro Met Pro Lys Ser Leu Lys Pro Ser Asn His Ala 

35 40 45 

Thr He Gin Ser He Val Ala Arg Ala Val Gly Val Val Pro Gly He 
40 50 55 60 

Pro Glu Pro Cys Cys Val Pro Glu Lys Met Ser Ser Leu Ser lie Leu 
65 70 75 80 

45 Phe Phe Asp Glu Asn Lys Asn Val Val Leu Lys Val Tyr Pro Asn Met 

85 90 95 

Thr Val Glu Ser Cys Ala Cys Arg 
100 
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(2) INFORMATION FOR SEQ ID N0:27: 
#i) SEQUENCE CHARACTERISTICS: 
{ ' (A) LENGTH: 102 amino acids 
t (B) TYPE: amino acid 

5 )c) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) HOLECULE TYPE: protein 

10 «*> Tffi&EFim SAPIENS 

„ ( *> ^AHE/EH: Protein 

(Bl LOCATION: 1..102 .™»c. 
(D) OTHER DiromiION= /note= "BHP5 

20 <%« SEQUENCE DESCRIPTIONS SEQ ID N0.27-. 

Cys Lys Lys His Glu Leu Tyr Val Ser Phe Arg Asp Leu Gly Trp «U 

25 Lp Trp lie lie L. Pro Glu Gly Tyr Ala Ale Phe Tyr Cys Asp Gly 

Olu Cys Ser l Pro Leu Asn Ale His Her Asn Ale Thr Asn His Ale 

30 He Vel 1 Thr Leu Vel His Leu Her Phe Pro Asp His Vol Pro Lys 

rr „ Z Cys Ale Pro Thr Lys U» Aso Aie II. Ser Vol Leu Tyr Phe 
l r Asp Ser Ser Asn Vel He Leu Lys Lys Tyr Ar 8 Asu Her Vel Vel 



40 



Arg Ser Cys Gly Cys His 



(2) INFORMATION FOR SEQ ID NO: 28: 

*c (i \ SEQUENCE CHARACTERISTICS: 

45 (i, sayu LENGTHt 1Q2 mLao acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



50 



WO 94/03200 



PCI7US93/07231 



(vi) ORIGINAL SOURCE: 

1 (A) ORGANISM: HOMO SAPIENS 

(ix) FEATURE: 
5 (A) NAME /KEY 5 Protein 

>B^ LOCATION: 1..102 
(D) OTHER INFORMATION: /note= "BHP6 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:28: 

Cys Arg Lys His Glu Leu Tyr Val Ser Phe Gin Asp Leu Gly Trp Gin 

15 Asp Trp He lie Ala Pro Lys Gly Tyr Ala Ala Asn Tyr Cys Asp Gly 

20 

Glu Cys Ser Phe Pro Leu Asn Ala His Met Asn Ala Thr Asn His Ala 

20 lie Val Gin Thr Leu Val His Leu Met Asn Pro Glu Tyr Val Pro Lys 

Pro Cys Cys Ala Pro Thr Lys Leu Asn Ala lie Ser Val Leu Tyr Phe 
25 65 70 

Asp Asp Asn Ser Asn Val He Leu Lys Lys Tyr Arg Trp Met Val Val 

30 Arg Ala Cys Gly Cys His 

(2) INFORMATION FOR SEQ ID NO:29: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: protein 

(ix) FEATURE: 

(A) NAME/KEY: Protein 
45 (B) LOCATION: 1..102 

(D) OTHER FORMATION: Ly SELECTED 

fSmA 3£F 5 SSf C«So2 SPECIFIED AMINO ACIDS 
AS DEFINED IN THE SPECIFICATION (SECTION II.B.2.)" 

50 
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50 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:29: 

Cys Xaa Xaa His Glu Leu Tyr Val Xaa Phe Xaa Asp Leu Gly Trp Xaa 

Asp Trp Xaa lie Ala Pro Xaa Gly Tyr Xaa Ala Tyr Tyr Cys Glu Gly 

20 25 
Glu Cys Xaa Phe Pro Leu Xaa Ser Xaa Net Asn Ala Thr Asn His Ala 
35 40 HJ 

He Xaa Gin Xaa Leu Val His Xaa Xaa Xaa Pro Xaa Xaa Val Pro Lys 

Xaa Cys Cys Ala Pro Thr Xaa Leu Xaa Ala Xaa Ser Val Leu Tyr Xaa 

65 70 ■ 

Asp Xaa Ser Xaa Asn Val Xaa Leu Xaa Lys Xaa Arg Asn Met Val Val 
85 90 

Xaa Ala Cys Gly Cys His 
100 

(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 97 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 

(A) NAME/KEY: Protein 

8) OTHER^ INFORMATION : /label- GENERIC- SEQ 5 

l u ' 7™i-o = "WHEREIN EACH XAA IS INDEPENDENTLY SELECTED 

raOM A GROUP OF ONE ORMORE SPECIFIED AMINO ACIDS 

AS DEFINED IN THE SPECIFICATION." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Leu Xaa Xaa Xaa Phe Xaa Xaa Xaa Gly Trp Xaa Xaa Trp Xaa Xaa Xaa 
Pro Xaa Xaa Xaa Xaa Ala Xaa Tyr Cys Xaa Gly Xaa Cys Xaa Xaa Pro 
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15 



Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asn His Ala Xaa Xaa Xaa Xaa Xaa 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Cys Xaa Fro 

50 55 
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
65 70 

Val Xaa Leu Xaa Xaa Xaa Xaa Xaa Met Xaa Val Xaa Xaa Cys Xaa Cys 



85 

Xaa 



(2) INFORMATION FOR SEQ ID N0:31: 



(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 102 amino acids 
on (B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



25 



(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 

(A) NAME/KEY: Protein 

AS DEFINED IN THE SPECIFICATION. 



<xi) SEQUENCE DESCRIPTION; SEQ ID NO: 31: 
Cys Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Phe Xaa Xaa Xaa Gly Trp Xaa 

Xaa Trp Xaa Xaa Xaa Pro Xaa Xaa Xaa Xaa Ala Xaa Tyr Cys Xaa Gly 

20 25 
Xaa Cys Xaa Xaa Pro Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asn His Ala 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

50 55 
Xaa Cys Cys Xaa Pro Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Xaa Xaa 
65 



70 
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Xaa Xaa Xaa Xaa Xaa Val Xaa Leu Xaa Xaa Xaa Xaa Xaa Met Xaa Val 
85 yu 

Xaa Xaa Cys Xaa Cys Xaa 
5 100 

(2) INFORMATION FOR SEQ ID NO: 32: 

m SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 1247 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY* linear 

15 (ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 
1 (A) ORGANISM: HOHO SAPIENS 

(F) TISSUE TYPE: BRAIN 

20 

(ix) FEATURE: 

(A) NAME/KEY: CDS 
m LOCATION: 84.. 1199 

W) OTHER INFORMATION: /product- "GDF-1" 
25 V 1 /note= "GDF-1 CDNA" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 
30 GGGGACACCG GCCCCGCCCT CAGCCCACTG GTCCCGGGCC GCCGCGGACC CTGCGCACTC 
TCTGGTCATC GCCTGGGAGG AAG ATG CCA CCG CCG CAG CAA GGT CCC TGC 

"asssaaaasasssaaa 



30 



gaga s a a s a a s s a a a a 
.saaaaaaasaaa^saa 



60 
110 



206 
254 
302 
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2222222222222222 

* 5222222222222225 

90 95 

,.2222222222222222 
3822222222222222 

15 125 130 

gssssesssaKaggss 

140 145 

20 S2SS2222S5222SS2 
" SS2S2SS22S2S22S2 

170 175 

30 22222S22S32222SS 
35 S5SS2S252S22S222 
35 S2SB5SBSSS2S2S2S 

220 225 

40 222S22222S25222S 

235 240 

« g2SSSS22S2SgS25S 
.2222522222222252 



350 

398 

446 

494 

542 

590 

638 

686 
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gS3Sffi2SS£2 = 2!£g3S2 

300 305 

^222222222222222 

315 320 

©225222222222222 

15 330 335 

E822222222SS2522 

365 370 
25 CCCGGGCCCA ACAATAAATG CCGCGTGG 

(2) INFORMATION FOR SEQ ID NO: 33: 

30 (1) SEQUENCE CHARACTERISTICS: 

JU 1 ' ( A ) LENGTH: 372 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

35 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 
Met Pro Pro Pro Gin Gin Gly Pro Cys Gly His His Leu Leu Leu Leu 
40 1 5 

Leu Ala Leu Leu Leu Pro Ser Leu Pro Leu Thr Arg Ala Fr. Val Pro 
20 Z3 
45 Pro Gly Pro Ala Ala Ala Leu Leu Gin Ala Leu Gly Leu Arg Asp Glu 

Pro Gin Gly Ala Pro Arg Leu Arg Pro Val Pro Pro Val Met Trp Arg 

50 Leu Phe Arg Arg Arg Asp Pro Gin Glu Thr Arg Ser Gly Ser Arg Arg 
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Thr Ser Pro Gly Val Thr Leu Gin Fro Cys His Val Glu Glu Leu Gly 

85 yu 
Val Ala Gly Asn lie Val Arg His lie Pro Asp Arg Gly Ala Pro Thr 



100 



Arg Ala Ser Glu Pro Val Ser Ala Ala Gly His Cys Pro Glu Trp Thr 
115 120 
10 Val Val Phe Asp Leu Ser Ala Val Glu Pro Ala Glu Arg Pro Ser Arg 
130 135 
Ala Arg Leu Glu Leu Arg Phe Ala Ala Ala Ala Ala Ala Ala Pro Glu 
145 150 J, " >J 

15 Gly Gly Trp Glu Leu Ser Val Ala Gin Ala Gly Gin Gly Ala Gly Ala 
165 1 ' u 
Asp Pro Gly Pro Val Leu Leu Arg Gin Leu Val Pro Ala Leu Gly Pro 
20 180 183 

Pro Val Arg Ala Glu Leu Leu Gly Ala Ala Trp Ala Arg Asn Ala Ser 
195 200 * UJ 

25 Trp Pro Arg Ser Leu Arg Leu Ala Leu Ala Leu Arg Pro Arg Ala Pro 
210 215 
Ala Ala Cys Ala Arg Leu Ala Glu Ala Ser Leu Leu Leu Val Thr Leu 
225 230 
30 Asp Pro Arg Leu Cys His Pro Leu Ala Arg Pro Arg Arg Asp Ala Glu 
245 z:>u 
Pro Val Leu Gly Gly Gly Pro Gly Gly Ala Cys Arg Ala Arg Arg Leu 
35 260 265 z,u 

Tyr Val Ser Phe Arg Glu Val Gly Trp His Arg Trp Val lie Ala Pro 
275 28 " 
40 Arg Gly Phe Leu Ala Asn Tyr Cys Gin Gly Gin Cys Ala Leu Pro Val 
290 295 
Ala Leu Ser Gly Ser Gly Gly Pro Pro Ala Leu Asn His Ala Val Leu 
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Are Ala Leu Het His Ala Ala Ala Pro Gly Ala Ala Asp Leu Pro Cys 
325 330 335 

Cys Val Pro Ala Arg Leu Ser Pro He Ser Val Leu Phe Phe Asp Asn 
5 7 340 3 « 350 

Ser Asp Asn Val Val Leu Arg Gin Tyr Glu Asp Met Val Val Asp Glu 
355 360 3 »5 

10 Cys Gly Cys Arg 
370 
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What is claimed is: 

1. The use of a morphogen in the manufacture of a 
pharmaceutical for enhancing survival of neural 

5 cells at risk of dying. 

2. A method for enhancing survival of neural cells at 
risk of dying, the method comprising providing a 
morphogen to said cells at a concentration and for 

10 a time sufficient to enhance survival of said 

cells. 

3. The invention of claim 1 or 2 wherein said cells 
are at risk of dying due to chemical or mechanical 

15 trauma to nerve tissue comprising said cells. 

4. The invention of claim 3 wherein said trauma 
comprises a transected nerve. 

20 5. The invention of claim 3 wherein said morphogen is 
provided to said cells prior to said trauma. 

6. The invention of claim 3 wherein said trauma 
results in demyelination of said cells. 

7. The invention of claim 3 wherein said trauma 
results from exposure of said cells to a cellular 
toxin. 

30 8. The invention of claim 7 wherein said toxin 
comprises ethanol. 
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9. 



The invention of claim 1 or 2 wherein said cells 
are at risk of dying due to a neuropathy. 

10. The invention of claim 9 wherein the etiology of 
5 said neuropathy is metabolic, infectious, toxic, 

autoimmune, nutritional, or ischemic. 

11. The invention of claim 10 wherein said ^ro P ^y 
comprises Parkinson's disease, Huntington's chorea, 

10 amyotrophic lateral sclerosis, multiple sclerosis 

or Alzheimer's disease. 

12. The invention of.claim 1 or 2 wherein said cells 
are at risk of dsiing due a neoplastic lesion 
associated with nerve tissue comprising said cells. 

13. The invention of claim 12 wherein said lesion 
results from a neoplasm comprising cells of 
neuronal origin. 

14. The invention of claim 13 wherein said neoplasm 
comprises a neuroblastoma or a retinoblastoma. 

15. The invention of claim 12 wherein said lesion 
results from a neoplasm comprising glial cells. 

16. The invention of claim 1 or 2 wherein said neural 
cells at risk of dying comprise part of the central 
nervous system. 



15 



20 



17. 



The invention of claim 16 wherein said cells 
comprise striatal basal ganglia neurons. 
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18. The invention of claim 16 wherein said cells 
comprise neurons of the substantia nigra. 

19. The invention of claim 1 or 2 wherein said cells at 
5 risk of dying comprise part of the peripheral 

nervous system. 

20. The invention of claim 1 or 2 wherein said 
morphogen stimulates cell adhesion molecule 

10 production in said cells. 

21. The invention of claim 20 wherein said cell 
adhesion molecule is a nerve cell adhesion 
molecule. 

" 22. The invention of claim 21 wherein nerve cell 
adhesion molecule is selected from the group 
consisting of N-CAM-120, N-CAM-140 and N-CAM-180. 

20 23. The invention of claim 1 or 2 wherein said 

morphogen comprises an amino acid sequence sharing 
at least 70% homology with one of the sequences 
selected from the group consisting of: OP-1, OP-2, 
CBMP2, vgl(fx), vgr(fx), DPP(fx), GDF-l(fx) and 

25 60A(fx). 

24. The invention of claim 23 wherein said morphogen 
comprises an amino acid sequence sharing at least 
80% homology with one of the sequences selected 
30 from the group consisting of: OP-1, OP-2, CBMP2, 

Vgl(fx), vgr(fx), DPP(fx), GDF-l(fx) , and 60A (fx). 
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The invention of claim 24 wherein said morphogen 
comprises an amino acid sequence having greater 
than 60% amino acid identity with the sequence 
defined by residues 43-139 of Seq. ID No. 5 (hOPl.) 

, The invention of claim 25 wherein said morphogen 
comprises an amino acid sequence having greater 
than 65% amino acid identity with the sequence 
defined by residues 43-139 of Seq. ID No. 5 (hOPl.) 

27. The invention of claim 22 wherein said morphogen 
comprises an amino acid sequence defined by 
residues 43-139 of Seq. ID No. 5 (hOPl), including 
allelic and species variants thereof. 

28. A method for enhancing the survival of neural cells 
at risk of dying in a mammal, the method comprising 
the step of administering to said mammal an 
effective amount of an agent capable of stimulating 

0 production of an endogenous morphogen. 

29. The method of claim 28 wherein said agent 
stimulates production of an endogenous morphogen in 
the tissue comprising said neural cells. 

30. A method for maintaining a neural pathway in a 
mammal , compris ing : 

providing a morphogen to the neurons defining 
said pathway at a concentration and for a time 
30 sufficient to maintain said pathway. 



25 



31. The method of claim 30 wherein said morphogen is 
provided prior to injury to said pathway. 
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32. The method of claim 30 wherein said morphogen is 
sufficient to stimulate repair of a damaged neural 
pathway. 

5 33. The method of claim 32 wherein said damaged neural 
pathway, results from mechanical or chemical trauma 
to said pathway. 

34. The method of claim 33 wherein said trauma 
10 comprises a severed nerve. 

35. The method of claim 33 wherein said trauma 
comprises demyelination of the neurons defining 
said pathway. 

15 

36. The method of claim 33 wherein said trauma results 
from exposure of the cells defining said pathway to 
a cellular toxin. 

20 37. The method of claim 36 wherein said toxin comprises 
ethanol . 

38. The method of claim 30 wherein said damaged neural 
pathway results from a neuropathy of the cells 

25 defining said pathway. 

39. The method of claim 38 wherein the etiology of said 
neuropathy is metabolic, infectious, toxic, 
autoimmune, nutritional, or ischemic. 

30 

40. The method of claim 39 wherein said neuropathy 
comprises Parkinson's disease, Huntington's chorea, 
amyotrophic lateral sclerosis, multiple sclerosis, 
or Alzheimer's disease. 



35 
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41. The method of claim 38 wherein said neuropathy 
comprises axonal degeneration. 

42. The method of claim 38 wherein said neuropathy 
5 comprises a derayelinating neuropathy. 

43. The method of claim 30 wherein said damaged neural 
pathway results from a neoplastic lesion. 

10 44. The method of claim 43 wherein said neoplastic 

lesion is caused by a neuroblastoma or a glioma. 

45. The method of claim 30 wherein said morphogen 
stimulates cell adhesion molecule production in a 

15 cell defining said pathway. 

46. The method of claim 45 wherein said cell adhesion 
molecule is a nerve cell adhesion molecule. 

20 47. The method of claim 46 wherein nerve cell adhesion 
molecule is selected from the group consisting of 
N-CAM-120, N-CAM-140 and N-CAM-180. 

48. The method of claim 30 or 4 5 wherein said morphogen 
25 comprises an amino acid sequence sharing at least 

70% homology with one of the sequences selected 
from the group consisting of: OP-1, OP-2, CBMP2, 
Vgl(fx), Vgr(fx), DPP(fx), GDF-l(fx) and 60A(fx). 
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49 The method of claim 48 wherein said morphogen 

comprises an amino acid sequence sharing at least 
80% homology with one of the sequences selected 
from the group consisting of: OP-1, OP-2, CBMP2, 
5 Vgl(fx>, Vgr(fx), DPP(fx), GDF-l(fx), and 60A (fx). 

SO. The method of claim 49 wherein said morphogen 
comprises an amino acid sequence having greater 
than 60% amino acid identity with the sequence 
10 defined by residues 43-139 of Seq. ID No. 5 (hOPl.) 

51 The method of claim 50 wherein said morphogen 
comprises an amino acid sequence having greater 
than 65% amino- acid identity with the sequence 
15 defined by residues 43-139 of Seq. ID No. 5 (hOPl.) 

52. The method of claim 51 wherein said morphogen 
comprises an amino acid sequence defined by 
residues 43-139 of Seq. ID No. 5 (hOPl), including 

20 allelic and species variants thereof. 

53. The invention of claims 1, 2, 30 or 46 wherein said 
morphogen comprises a polypeptide chain encoded by 
a nucleic acid that hybridizes under stringent 

25 conditions with the DNA sequence defined by 

nucleotides 1036-1341 of Seq. Id No. 16 or 
nucleotides 1390-1695 of Seq. ID No. 20. 

54. The invention of claims 1, 2, 26, 30, 45 or 51 

30 wherein said morphogen comprises a dimeric protein 

species complexed with a peptide comprising a pro 
region of a member of the morphogen family, or an 
allelic, species or other sequence variant thereof. 
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55. The invention of claim 54 wherein said *imeric 
morphogen species is noncovalently complexed with 
said peptide. 

56. The invention of claims 54 or 55 "herein said 
dimeric morphogen species is complexed wxth two 
said peptides. 

57. The invention of claims 54 or 55 wherein said 
peptide comprises at least the first 18 ammo adds 
of a sequence defining said pro region. 

58. The invention of claim 57 wherein said peptide 
comprises the full length form of said pro region. 

59. The invention of claims 54 or 55 wherein said 
peptide comprises a nucleic acid that hybridizes 
under stringent conditions with a DNA defined by 
nucleotides 136-192 of Seg. ID No. 16, or 

) nucleotides 157-211 of Seq. ID No. 20. 

60. The invention of claims 54 or 55 wherein said 
complex is further stabilized by exposure to a 
basic amino acid, a detergent or a carrier protein. 

A method of maintaining a neural pathway in a 
mammal comprising: 

administering said mammal an effective amount 
of an agent capable of stimulating production of an 
endogenous morphogen in a cell defining said 
pathway. 



25 

61. 
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62. A composition for promoting regeneration of a 
neural pathway at a site of injury in a mammal, 
comprising: 

a biocompatible, in vivo bioresorbable carrier 
5 suitable for maintaining a protein at a site in 

vivo , and 

a morphogen, such that said morphogen, when 
dispersed in said carrier and provided to said site 
of injury, is capable of stimulating neural pathway 
10 regeneration at said site. 

63. The composition of claim 62 wherein said carrier is 
structurally sufficient to assist direction of 
axonal growth. 

15 

64. The composition of claim 63 wherein said carrier 
comprises a polymeric material. 

65. The composition of claim 63 wherein said carrier 
20 comprises laminin or collagen. 

66. A device for repairing a break in a neural pathway, 
the device comprising: 

a biocompatible tubular casing comprising an 
25 exterior and an interior surface and defining a 

channel through which a neural process may 
regenerate, 

said device having a shape and dimension 
sufficient to span a break in a neural pathway, and 
30 having openings adapted to receive the ends of a 

severed nerve, and 
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68 



a morphogen disposed within the channel 
defined by said tubular casing and accessible to 
severed nerve ends defining a break in a neural 
pathway, such that said morphogen stimulates neural 
pathway regeneration when disposed in said channel 
and accessible to said nerve ends. 

. The device of claim 66 wherein said morphogen is 
' disposed in said channel together with a 
biocompatible, bioresorbable carrier suitable for 
maintaining a protein at a site in vivo. 

The device of claim 67 wherein said carrier 
comprises sufficient structure to assist direction 
15 of axonal growth within said channel. 

69. The device of claim 67 wherein the outer surface of 
said casing is substantially impermeable. 

20 70. The device of claim 66 wherein said carrier 
comprises a polymer. 

71. The device of claim 67 wherein said carrier 
comprises laminin or collagen. 

25 72. A method for inducing the redifferentiation of 
transformed cells of neural origin, the method 
comprising the step of: 

contacting said transformed cells with a 

30 morphogen composition at a concentration and for a 

time sufficient to induce redifferentiation of saxd 
cells to a morphology characteristic of 
untrans formed neuronal cells. 
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73. The method of claim 72 wherein said morphology 
characteristic of untrans formed nerve cells 
includes formation of neurite outgrowths. 

5 74. The method of claim 72 wherein said morphology 
characteristic of untransformed nerve cells 
includes cell aggregation and cell adhesion. 

75. The method of claim 72 wherein said morphogen 

10 composition induces nerve cell adhesion molecule 

production in said cells. 

76. The method of claim 72 wherein said induced nerve 
cell adhesion molecules include N-CAM-180, N-CAM- 

15 140 and N-CAM-120. 

77. The method of claim 72 wherein said transformed 
cells comprise neuroblastoma cells. 

20 78. A kit for detecting a neuropathy in a mammal or for 
evaluating the efficacy of a therapy for treating a 
neuropathy in a mammal, the kit comprising: 
c) means for capturing a cell or body fluid 
sample obtained from a mammal; 

25 b) a binding protein that interacts specifically 

with a morphogen in said sample so as to form a 
binding protein-morphogen complex; 
c) means for detecting said complex. 

30 79. The kit of claim 78 which said binding protein has 
specificity for an epitope defined by part or all 
of the pro region of a morphogen. 
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80. A method for detecting a neuropathy in a mammal, 
the method comprising the step of: 

detecting fluctuations in the physiologxcal 
concentration of a morphogen present in the serum 
5 or cerebrospinal fluid of said mammal, said 

fluctuations being indicative of an increase xn 
neuronal cell death. 

81. A method for detecting a neuropathy in a mammal, 
10 the method comprising the step of: 

detecting fluctuations in the physiologxcal 
concentration of a morphogen antibody titer present 
in the serum or cerebrospinal fluid of said mammal, 
said fluctuations being indicative of an increase 
15 in neuronal cell death. 

82. The invention of claims 78, 80 or 81 wherein said 
neuropathy results from a neurodegeneratxve 
disease, nerve demyelineation, myelin dysfunction, 

20 neuronal neoplasias, or nerve trauma. 

83. A method of stimulating production of cell adhesion 
molecules in a tissue comprising the step of: 

providing a morphogen to said tissue for a 
25 time and at a concentration sufficient to induce 

production of cell adhesion molecules in cells of 
said tissue. 

84 The method of claim 83 wherein said cell adhesion 
30 molecules comprises nerve cell adhesion molecules. 

85. The method of claim 84 wherein said cells comprise 
neurons . 
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86. The method of claim 78, 80 or 81 wherein said 
morphogen comprises an amino acid sequence sharing 
at least 70% homology with one of the sequences 
selected from the group consisting of: OP-1, OP-2, 

5 CBMP2, Vgl(fx), Vgr(fx), DPP(fx), GDF-l(fx) and 

60A(fx). 

87. The method of claim 86 wherein said morphogen 
comprises an amino acid sequence sharing at least 

10 80% homology with one of the sequences selected 

from the group consisting of: OP-1, OP-2, CBMP2, 
Vgl(fx), Vgr(fx), DPP(fx), GDF-l(fx) and 60A (fx). 

88. The method of claim 87 wherein said morphogen 
15 comprises an amino acid sequence having greater 

than 60% amino acid identity with the sequence 
defined by residues 43-139 of Seq. ID No. 5 (hOPl.) 

89. The method of claim 88 wherein said morphogen 
20 comprises an amino acid sequence having greater 

than 65% amino acid identity with the sequence 
defined by residues 43-139 of Seq. ID No. 5 (hOPl.) 

90. The method of claim 89 wherein said morphogen 
25 comprises an amino acid sequence defined by 

residues 43-139 of Seq. ID No. 5 (hOPl), including 
allelic and species variants thereof. 

91. The method of claim 78, 80 or 81 wherein said 

30 morphogen comprises an amino acid sequence encoded 

by a nucleic acid that hydridizes under stringent 
conditions with the sequence defined by nucleotides 
1036-1341 of Seq. ID No. 16 or nucleotides 1390- 
1695 of Seq. ID No. 20. 
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92. A composition for enhancing survxval of neuronal 
cells at risk of dying comprising a morphogen in 
association with a molecule capable of enhancing 
the transport of said morphogen across the 
blood-brain barrier. 

93 . The invention of claims 62 or 67 wherein said 
carrier comprises brain tissue derived 
extracellular matrix. 
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